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INTRODUCTION 
Theory and Concepts 
Mixtures have several purported advantages over monocultures. In­
teractions between species may include provision of nutrients in limited 
supply, protection from pests, and modification of the microenvironment 
(Harper, 1963). Other mechanisms of complementation include differences 
in temporal growth patterns, depth of soil exploitation, and utilization 
of irradiance by the canopy (Trenbath, 1974). Trenbath (1974) suggests 
that there is a positive but weak correlation between aggressiveness in 
mixture and biomass production in monoculture. Donald (1963) stated 
that mixture dry-matter yield (DMY) was generally between those of the 
two monocultures, but not necessarily closer to either the higher or 
lower-yielding one. He concluded that there is no substantial evidence 
that two pasture species can exploit their environment better than one. 
The concept of "space" in a mixture 
In his monograph, deWit (1960) developed the analytical theory for 
competitive mixtures of plant species. Major results were presented 
later in a more succinct form (deWit, 1961). This work stimulated a 
great deal of thought in quantitative ecology. Models were developed to 
explain how mixtures behaved relative to their component monocultures. 
DeWit (1960) recognized that the components of a mixture have two possi­
ble fates - competitive exclusion of one by the other or coexistence. 
Resources available to the two components could be in the "same space" 
(available to both components) or in "different space" (available to 
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only one component). If competition is strictly for the "same space", 
the components are said to be "mutually exclusive". DeWit (1960) com­
bined his model for crowding for the "same space" and his spacing theory 
(crowding for "different space") into a general model for crowding for 
partly the "same space". 
Four situations, when components are competing for the "same 
space", and a fifth, when competing for partly the "same space", demon­
strate the variety of relationships that may be encountered (deWit, 
1960). The pertinent concepts may be seen by examining the ratio or 
frequency diagram of the mixture. Ratio diagrams are constructed by 
plotting log z-^lz.2 on the horizontal axis and log 0^2/021 Che verti­
cal axis, where is the frequency of component i and O^j is the yield 
of component i in mixture with component j. The frequency z^ may be 
considered the current percentage of the total number of plants of 
component i or, alternatively, the relative performance of component i 
at the most recent discrete point in time at which measurements were 
taken. Ancither way of illustrating the same concept is with frequency 
diagrams. Frequency diagrams are constructed similarly by plotting log 
Zi/(2i + Z2) on the horizontal axis and log *^21^ on the 
vertical axis. 
The plot itself is termed a "course-line" (Fig. 1). The various 
ratios or frequencies of the two components represented on the hori­
zontal axis are collectively termed a replacement series. At any point 
on the line of unit slope, that starting at the origin with slope = 1.0, 
in the ratio diagram, the system is at equilibrium. At any point above 
Figure 1. Ratio diagrams of various types of competitive exclusion, 
where 0^. is the yield of component i in mixture with 
component j and is the frequency of component i- Both 
axes are plotted on a logarithmic scale. Under competi­
tive exclusion, the course-line does not intersect the 
dashed line of unit slope 
a. component 1 the aggressor under frequency independence 
b. component 2 the aggressor under frequency independence 
c. component 1 the aggressor under frequency dependence 
(intraspecific competition of component 1 exceeds 
interspecific competition) 
d. component 2 the aggressor under frequency dependence 
(intraspecific competition of component 2 exceeds 
interspecific competition) 
e. component 1 the aggressor under frequency dependence 
(interspecific competition exceeds intraspecific 
competition of component I) 
f. component 2 the aggressor under frequency dependence 
(interspecific competition exceeds intraspecific 
competition of component 2) 
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the line of unit slope, yield of component 1 exceeds its equilibrium 
frequency . To equilibrate, must increase at the expense of Z2, 
i.e., z-^lZ2 increases. Thus, the direction of movement is away from the 
origin. At any point below the line of unit slope, yield of component 2 
exceeds its equilibrium frequency Z2. To equilibrate, Z2 must increase 
at the expense of z^, i.e., Zj^/z2 decreases. Thus, the direction of 
movement is towards the origin. 
In the first situation, competitive exclusion, the course-line lies 
above the line of unit slope if component 1 is the aggressor and below 
the line of unit slope if component 2 is the aggressor (Fig. 1). Under 
competitive exclusion, the course-line never intersects the line of unit 
slope, i.e., one component is ultimately eliminated by the other. À 
course-line of unit slope indicates frequency independence, which im­
plies that the degree of competition experienced by a component per unit 
of the competing component is constant regardless of their relative 
proportions. If the slope of the course-line 1.0, frequency depen­
dence is indicated. 
The second situation is competitive exclusion dependent on plant 
density (Fig. 2). It is similar to the first, but here the outcome of 
the competition is dependent on plant density. Component 1 may dominate 
at high density (course-line above the line of unit slope) while compo­
nent 2 may dominate at low density (course-line below the line of unit 
slope). At some plant density, then, the course-line is coincident with 
the line of unit slope, at which neither component may exclude the 
other. 
6 
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Figure 2. Ratio diagram of the density-dependent situation, 
where 0.. is the yield of component i in mixture 
with component j and z. is the frequency of compo-
. nent i. Both axes are plotted on a logarithmic 
scale. Equilibrium is achieved only if the course-
line coincides with the dashed line of unit slope 
a. high-density situation favoring component 1 
leads to the eventual exclusion of component 2 
b. equilibrium-density situation allows coexistence 
c. low-density situation favoring component 2 
leads to the eventual exclusion of component 1 
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The third situation is one where a single point of stable equilib­
rium exists (Fig. 3). An equilibrium is said to be stable if, when the 
mixture is disrupted by a stochastic force, it responds by returning to 
the equilibrium point. In this situation, the slope of the course-line 
< 1.0. This is the frequency-dependent situation where the rate of in­
crease in 0^2/021 ^ the rate of increase in 2j^/z2. This situation 
occurs when intraspecific competition exceeds interspecific competition 
for both species. 
Harper (1967) discussed the effect of frequency dependence on per­
sistence of the components of a mixture. Frequency independence occurs 
when the output ratio at a later time "o" of the two components, log 
(Oio/02o)> is related to the input ratio at an earlier time "i", log 
(0ii/02i), by a unit slope as the log of the ratio of their frequencies 
changes. This means that regardless of the current frequency of the com­
ponents, the change in frequency of the components is the same. Unless 
the two components are equally competitive, then, frequency independence 
leads to eventual extinction of the dominated component. Frequency de­
pendence, on the other hand, occurs when the output ratio and the input 
ratio are not related by a unit slope. If the output ratio increases 
faster than the input ratio (slope > 1.0), eventual extinction of the 
dominated competitor will occur, as with frequency independence (Fig. 
le,f). If the output ratio increases slower than the input ratio (slope 
< 1.0), however, the mixture has the potential to equilibrate with both 
components extant (Fig. lc,d). For this to occur when the competition 
function is linear, Hutchinson (1965) has shown that both components 
8 
equilibrium point 
Figure 3. Ratio diagram of coexistence with a single stable 
equilibrium point, where 0.. is the yield of com­
ponent i in mixture with component j and z. is 
the frequency of component i. Both axes are 
plotted on a logarithmic scale. The course-line 
intersects the dashed line of unit slope at the 
equilibrium point 
a. stochastic advantage of component 1 balanced by 
frequency dependence favoring component 2 (see 
Fig. Ic) 
b. stochastic advantage of component 2 balanced by 
frequency dependence favoring component 1 (see 
Fig. Id) 
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must experience more intraspecific competition than interspecific com­
petition at some frequency. 
According to Khan et al. (1975), a mixture at stable equilibrium 
often consists of components with relative fitnesses inversely propor­
tional to frequency. They found relative fitness values to be frequency 
dependent in mixtures of flax (Linum usitatissi'™™ L.) and linseed (L. 
usitatissimum L.) varieties. Relative fitness of flax to linseed was 
1.22, 0.76, and 0.39 at low, medium, and high flax frequencies, respec­
tively. Niche divergence was present and was attributed to different 
patterns of growth and maturity. 
The fourth situation (deWit, 1960) is one where a single point of 
unstable equilibrium exists (Fig. 4). An equilibrium is said to be 
unstable if, when the mixture is disrupted by a stochastic force, it 
responds by moving away from the equilibrium point. Such an equilibrium 
is unstable because if, for some reason, either component gains an upper 
hand, the balance becomes increasingly disrupted with time. The end 
result of a disrupted unstable equilibrium is competitive exclusion 
because the output ratio increases faster than the input ratio (slope > 
1.0). In this situation, interspecific competition exceeds intraspe­
cific competition at all nonequilibrium frequencies. DeWit gives as an 
example the mixture in which competition for nutrients (component 1 
favored) is balanced by the presence of a substance produced by one 
component and toxic to the other (component 2 favored). 
In the fifth situation, crowding for partly the "same space", the 
course-line is a sigmoid curve (Fig. 5), not a straight-line as in the 
10 
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Figure 4. Ratio diagram of coexistence with a single unstable 
equilibrium point, where 0^. is the yield of compo­
nent i in mixture with component j and z. is the 
frequency of component i. Both axes are^plotted on 
a logarithmic scale. The course-line intersects 
the dashed line of unit slope at the equilibrium 
point 
a. stochastic advantage of component 1 leads to 
competitive exclusion of component 2 
b. stochastic advantage of component 2 leads to 
competitive exclusion of component 1 
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equilibrium point 
z./z 
Figure 5. Ratio diagram of crowding for partly the same space, 
where 0.. is the yield of component i in mixture with 
component j and z. is the frequency of component i. 
Both axes are plotted on a logarithmic scale. The 
course—line intersects the dashed line of unit slope 
at the equilibrium point 
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previous mutually exclusive situations. This situation is frequency 
dependent (slope ^  1.0), but the slope approaches 1.0 at the extremes of 
zi/z2 where competition is primarily for the "same space" (mutual exclu­
sion) . The slope is least near the equilibrium point, where competition 
for the "same space" is least. Such an equilibrium is stable because 
the output ratio increases slower than the input ratio (slope < 1.0). 
One widely used concept is that of DeWit's (1960) relative crowding 
coefficient (RCC). Mutual exclusion (linear course-line) and frequency 
independence (slope = 1.0) are assumed. The concept can be illustrated 
by considering the equivalence of the following ratios: 
Thus, the greater the amount of "space" a component is able to exploit 
per unit seeding rate, the greater its crowding coefficient. The RCC of 
component 1 on 2 equals 
where k2j^ = b2/bj^ = l/ki2 * 
Note that k22 = when competition is for the "same space". 
Given mutual exclusion, the ratio of the "space" occupied by the first 
couqjonent (A^) to the "space" occupied by the second component (A2) 
equals the ratio of the yield of the first component in the mixture to 
the difference of the yield of the first component in the mixture from 
the yield of the first monoculture (012/(^1 - 022))- This occurs be-
(1) 
where = "space" occupied by component i 
= seeding rate of component i 
bj^ = crowding coefficient of component i 
kl2 = b^/bg = (AJ^/zj^)/(A2/Z2) , (2) 
13 
spends to that of either monoculture, and that not occupied by component 
1 in the mixture must be occupied by component 2. Starting with this 
assumption and using (1) and (2), the following expression holds: 
°12 ^1 ^1 ^1 ^12=1 
% - 0^2 ^2 ^2 ^2 ^2 
By rearranging (3), it can be seen that the RCC may be calculated as 
follows (Hall, 1978): 
Ai 22 Oi2 ^2 
^2 ^1 ^1 " °12 =1 
where = seeding rate, or more generally, relative frequency of compo­
nent i in the mixture, and 2^ + Zj = 1.0. Thus, under mutual exclusion, 
the RCC can be calculated from monoculture and mixture component yields 
and mixture seeding rates. To generalize, it is noted that 
Ai M2 - O22 0^2 
Az O21 O2I 
as well. (5) 
Because k2j = l/k^z under mutual exclusion, by (2) and (5) 
A2 _ O21 zi 
Ai Zg M2 - O22 zg 
an expression analogous to (4). 
If kj2 ^  ^ 21 ~ I'O* where kj2 ^21 calculated from (4) and 
(6), respectively, the components are mutually exclusive. This calcula­
tion, then, tests the assumption of mutual exclusion. 
If k22 X k22 > 1.0, where k2^2 and k22 are calculated from (4) and 
(6), respectively, competition for "different space" is said to be 
occurring. "Competition" for "different space" actually refers to niche 
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divergence, or the avoidance of competition. If ^12 ^  ^21 ^ 1.0, SXL 
inhibitory mechanism is in operation. 
The same concept may be considered by calculating the relative 
yield total (RYT) as follows: 
yield of A in mixture 
yield of A in monoculture 
yield of B in mixture 
yield of B in monoculture 
RYT = A + B (7) 
Mutual exclusion occurs if RYT = 1.0. This is a result of competition 
for the "same space". The more competitive species will continue to 
claim a larger amoimt of the space with time. Because there is no niche 
divergence, competitive exclusion is the inevitable result. These two 
expressions (RYT and kj^2 ^  ^ 1^ are not arithmetically equivalent but 
are conceptually similar. 
Expressions for "space" and yield under mutual exclusion and fre­
quency independence can be derived by combining and rearranging (1). 
^1 _ tl=l 
Ai + A2 ^2^2 
Because RYT = 1.0 under mutual exclusion, Aj^ + A2 = 1.0. So 
b^zi (l/b2) zj 
bjZj^ + b2Z2 (1/^2^ ^12^1 ^2 
b2Z2 (l/bgj Z2 
Likewise, A2 x . (10) 
b^z^ 4" ^2^2 (l/b^t) ^12^1 ^2 
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Thus, under mutual exclusion and given seeding rates, both "space" and 
RCC may be calculated from the other if either is known. Because, under 
our assumptions, the yield of a component in mixture equals the product 
of its monoculture yield and its relative space in the mixture, the 
following expression follows from (1): 
0^2 ~ X M2^ 
b^z^ (l/b2) ^12^1 
bj^Zj + b2Z2 (l/b2) ^12^1 ^ 
= —— X Mj. (II) 
(kj2 - l)zi + 1 
b2Z2 (l/b2) 22 
Likewise, ®21 ^ x x M2 
b^z^ + b2Z2 (l/b2) ^12^1 ^  ^2 
Z2 
— —— X M2. (12) 
(^12 - l)zi + 1 
Thus, mixture component yields may be expressed in terms of monoculture 
yields, RCCs, and component frequencies. 
A second concept introduced by deWit (1960) was relative reproduc­
tive rate (RRR). Only seed yields are considered here. Like the previ­
ous theory, the assumption is made that competition is mutually exclusive 
and frequency independent. The reproductive rates may be expressed as 
a2 = ^^2^^1' 
^2 O21/Z2. 
Then, using the above with (11) and (12), the RRR equals 
a2 ®12^2 ^1 (^12^1^/(^12^1 ^2) ^2 
a 22 = — — X X — 
^2 ^21^1 ^2 ^2/ (^12^1 ^2^ 22 
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Ml kl2^1 ^2 
— X ————— X — — 1^12 ^ 
^2 ^2 ^1 
(13) 
The RER, under our assumptions, then, is the ratio of mixture component 
yields standardized by their frequencies. It also is the product of the 
ratio of monoculture yields and the RCC. 
With multiple-harvest mixtures in which sexual reproduction does 
not occur, such as with many forage crops, the expression analogous to 
RSR is relative replacement rate. Relative replacement rate is the 
ratio of yield of component 1 to component 2 in a given former harvest 
relative to that of a given latter harvest (deWit and van den Bergh, 
Ecological and competitive combining ability 
The theory of Cause (1934) also considered the two extreme states 
in a mixture, namely competitive exclusion and coexistence- The term 
"conqsetitive exclusion" implies that the two competitors' fundamental 
niche requirements are sufficiently similar and that their relative 
competitive abilities are sufficiently different in the inclusive (over­
lapping) niche (Aarssen, 1983). Conversely, the term "coexistence" 
implies that fundamental niche requirements are sufficiently different 
with competition absent in the exclusive (nonoverlapping) niches. 
Aarssen (1983) expanded Cause's (1934) theory and suggested two mecha­
nisms, ecological combining ability (EGA) and competitive combining 
ability (CCA), by which selection could operate to prevent competitive 
exclusion. Selection for ECA, or niche divergence, increases the exclu-
1965) 
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give niche of the inferior competitor. In the exclusive niche, only 
intraspecific competition operates. Selection for CCA increases the 
conçetitive ability per se. 
Ecological combining ability relates to DMYs of mixture components 
relative to their component monocultures. The EGA of a mixture can be 
measured by deWit's (1960) RYT. An RYT = 1.0 indicates the absence of 
EGA. An RYT > 1.0 indicates niche divergence (Aarssen, 1983). This 
indicates that the components have, to some extent, avoided competition. 
Such a value may also result from "facilitation", a positive stimulation 
of one or both of the components on the other (Khan et al., 1975). 
DeWit (1960) gives three examples of EGA in mixtures of barley 
(Hordeum vulgare L.) and oats (Avena sativa L.). First, test weight of 
oats in the Netherlands is higher in mixture than in monoculture, and at 
the same time barley is less susceptible to lodging. Second, in Danish 
soils characterized by heterogeneous pH, barley can compensate for oats 
in spots of high pH and oats for barley at low pH- A third example is 
that of healthy plants compensating for diseased plants during an epi-
phytotic. 
Competitive combining ability relates to persistence of both compo­
nents in a mixture (Aarssen, 1983). The CCA of a mixture can be mea­
sured by the yield suppression ratio (YSR) as follows. 
YSR = A/B , 
where A and B are defined as for (7), except monoculture yields are 
calculated on a half-stand basis, and A £ B. A YSR = 1.0 is considered 
ideal CCA. In this situation, the two components have achieved equilib-
18 
rivm by balancing competition. This means that the abilities of both 
components to exploit the mixture environment is proportional to their 
abilities to exploit their respective monoculture environments. The 
lower the YSR, the smaller the exclusive niche of the dominated compo­
nent and the weaker its ability to exploit the inclusive niche. Thus, 
the lower the YSR, the greater the risk of competitive exclusion. An 
increase in YSR with time may indicate niche divergence, improved compe­
titive ability of the inferior component to exploit the inclusive niche, 
or both. 
Competition in the Aarssen (1983) model may be either because of 
interference or exploitation. With interference, interspecific compe­
tition exceeds intraspecific competition for both components. Such a 
situation may occur if different factors are limiting each species. 
With exploitation, the more common situation, intraspecific competition 
has a greater effect on the superior competitor than interspecific 
competition. If exploitation occurs, the superior competitor provides 
more competition to both itself and the inferior competitor. 
Four competitive forces must be balanced to maintain equilibrium in 
a mixture. Forces due to 1) interspecific and 2) intraspecific competi­
tion on A counter forces due to 3) interspecific and 4) intraspecific 
competition on B (Aarssen, 1983). Equilibrium in a mixture that is not 
sexually reproducing, e.g., a grass-legume mixture cut for hay, may be 
achieved in two ways. The first is with YSR = 1.0 and frequency inde­
pendence. Either exploitation or interference could be operating. The 
second possibility relates to the frequency dependence of the four 
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competitive forces under exploitation. Unlike the first possibility, 
here YSR < 1.0 because with exploitation both components are most af­
fected by the dominant component. Competitive exclusion of the domi­
nated component, as the dominant component reaches a high frequency, is 
prevented by changing magnitudes of the four competitive forces. 
In a mixture that is sexually reproducing, another layer of effects 
is superimposed on those of nonsexually reproducing mixtures (Aarssen, 
1983) . The dynamic processes of mutation, recombination, migration, 
drift, and fluctuating environment all have a part in determining the 
relative size of the four competitive forces. Selection for CCA will 
more likely occur if exclusive niches are not present, thus precluding 
selection for EGA. Selection for EGA is more likely to occur under 
interference than exploitation, because exclusive niches are more impor­
tant in the former case. 
Presuming selection pressure is away from competitive exclusion, 
selection for CCA operates in a reciprocal manner, meaning that the 
dominant component selects for increased CCA of the dominated component 
(high selection pressure) as the dominated component selects for in­
creased CCA of the dominant component (low selection pressure) (Aarssen, 
1983). If, through selection, the dominated component surpasses the 
dominant component in frequency, their roles are reversed. Thus, the 
components are balanced because the selection pressure imposed on them 
is inversely proportional to their frequency in the mixture. 
It must be remembered that stochastic fluctuations in the gene pool 
and environment may upset an equilibrium. In such a situation, if the 
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fluctuation maintains the frequency of the inferior competitor above a 
critical level, stability is maintained and the mixture moves again 
towards equilibrium. However, if the fluctuation moves the frequency of 
the inferior competitor below a critical level, the stable equilibrium 
is destroyed and the population moves towards competitive exclusion. 
Initial conditions, genetic variability, and environmental variability 
are the factors which determine the probability that a given mixture 
will have remained in coexistence or will have reached competitive 
exclusion at any point in time. 
Selection for favorable interactions 
Harper (1967) stated that the ecological concept of diversity and 
its effects on stability imply that complex mixtures have advantages in 
efficiency over simple mixtures or monocultures. Yet, he notes that 
most research results have been negative in this regard. He rational­
izes this discrepancy by considering the pattern of selection to which 
the components have been exposed. Harper (1967) considers it unlikely 
that any two species chosen arbitrarily can immediately combine with 
maximum efficiency because selection has been primarily in monoculture. 
Several authors (Allard and Adams, 1969; Antonovics, 1978; Harper, 
1967; Snaydon, 1978; Turkington and Cavers, 1979) have suggested that 
selection within mixture populations may result in competitively effi­
cient interactions. These authors have suggested that, when natural 
selection operates in mixtures, niche divergence concomitant with in­
creased DMY and stability should result. Antonovics (1978), however, 
warned that competitive ability is likely to be low in heritability. 
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sensitive to inbreeding depression, and negatively correlated with other 
fitness characteristics. Along with increased competitive ability per 
se, Snaydon (1978) has suggested that an increase in types more subject 
to stabilizing frequency-dependent selection should result from natural 
selection. 
Relevant models 
Thomas Using the method of least squares, a test was devised by 
Thomas (1970) to distinguish between a three-parameter (both monoculture 
yields and ^^2^ model and a four-parameter (both monoculture yields, 
k]^2» and k^i) model for prediction of mixture yields. In the three-
parameter model, k22 is restricted to equal l/kj^2- Thus, the test for a 
difference between the two models is a test for deviation from mutual 
exclusion. As Harris and Thomas (1973) point out, this model is inade­
quate when RCCs do not remain constant over all seeding ratios, i.e., 
under frequency dependence. Under their modification, linear, quadrat­
ic, and cubic seeding ratio effects are used to fit individual species' 
yield data. If the linear effect alone is significant, the RCC is close 
to 1.0. If the quadratic effect is significant, the RCC = 1.0. 
Significance of the cubic effect indicates frequency dependence. 
Harris and Thomas (1973) applied this model to mixtures of white 
clover (Trifolium repens L.) with 'Grasslands Ruanui' perennial ryegrass 
(Lolium perenne L.) and 'Grasslands Manawa* short-rotation ryegrass 
(Lolium multiflorum Lam. x L. perenne L.) in New Zealand. Of the two 
cultivars, Manawa exhibits an erect growth habit and a greater DMY 
22 
response under infrequent than frequent cutting management. Ruanui 
exhibits a decumbent growth habit and a greater DMY response under 
frequent cutting management relative to Manawa. Management effects of 
cutting height (20 mm and 80 mm) and cutting frequency (frequent cut 
twice as often as infrequent) were applied in factorial combination to 
the mixtures. 
For the first 7 months after establishment, Manawa had a greater 
RCC against white clover than Ruanui. Growth of white clover was fa­
vored by intense cutting (frequent at 20 mm). In the establishment 
year, the statistical test indicated mutual exclusion was operating, but 
some cubic effects were significant, indicating frequency dependence. 
During the first winter season, only linear and quadratic effects were 
significant. When sown with Ruanui, white clover was always the domi­
nated component. But while its RCC against Ruanui was less than 1.0 
under frequent cutting, it was greater than 1.0 under infrequent cut­
ting. Ruanui had fewer tillers and surviving plants under infrequent 
than under frequent cutting. In the frequently cut Manawa plots, white 
clover tended to be dominant with RCC against Manawa greater than 1.0. 
The situation was reversed for infrequent cutting. Manawa had more 
tillers and surviving plants under infrequent cutting. Manawa's erect 
growth habit and high DMY response under infrequent cutting contributed 
to suppression of white clover. Thus, maintenance of white clover 
stands was greater with frequent cutting for Manawa mixtures and with 
infrequent cutting for Ruanui mixtures. 
In the 2nd year, mutual exclusion was no longer evident. This was 
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attributed to N transfer from white clover to perennial ryegrass. Fre­
quently cut Ruanui and infrequently cut Manawa plots suppressed white 
clover but did not establish a frequency-dependent equilibrium. In 
infrequently cut Ruanui and frequently cut Manawa plots, white clover 
was not greatly suppressed, and a frequency-dependent equilibrium was 
reached as judged by the significance of the fourth parameter (k^i). 
Harris and Thomas (1973) identified two sets of forces affecting 
botanical composition of these mixtures. First was the equilibration of 
the two species via the transition from mutual exclusion in the estab­
lishment year to frequency—dependent coexistence in the 2nd year. Equi­
librium was not reached until white clover was able to contribute at 
least one-third of the total DMÏ. Then, once equilibrium was attained, 
seasonal change in species distribution became an important force. 
Ryegrass dominated in the spring and early summer, while white clover 
dominated in the late summer, fall, and winter. 
Skewed tiller populations indicated that intraspecific competition 
on ryegrass was considerable, leading to bare spots in the plots. Thus, 
Aarssen (1983) would likely term this situation exploitation. White 
clover, with its spreading stolons, was able to invade the bare spots. 
Harris and Thomas (1973) pointed out that botanical composition could be 
modified by strategic cutting at particular times of year. 
Torsell and Nicholls Torsell and Nicholls (1978) developed a 
model in which the growing season is divided into several growth phases 
having different competitive relationships. When competition is for the 
"same space", the DMY of a component in a growth phase is expressed as 
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its DMY predicted for the previous growth phase multiplied by the rela­
tive production rate (analogous to deWit's (1960) RRR). When competi­
tion is for partly the "same space", an additional constant feedback 
addend (F) is included. Phase-relative-production rates may be esti­
mated from the data, but are independent of frequency of the components 
only if F = 0. This model, like deWit's (1960), does not consider 
frequency dependence. Thus, prediction of long—term response when com­
petition is for only partly the "same space" can only be made if F is 
known. The authors state that frequency—dependent stabilization between 
phases is more common than stabilization because of "competition" for 
"different space" within a phase. Torsell and Nicholls (1978) felt that 
the advantage of splitting the growing season into phases was that the 
problem phase could be identified. With this information, effective 
management strategies for encouraging persistence of the dominated com­
ponent could be developed. 
Hall Hall (1978) recommended analysis based on a replacement 
series (deWit, 1960). These data would allow the degree of frequency 
dependence to be assessed for the various combinations of genotypes, 
giving more information than the simple diallel. He also suggested an 
expansion of deWit's (1960) model, which distinguishes between compe­
titive ("same space") and noncompetitive ("different space") interfer­
ence, such as was practiced by Groves and Williams (1975). Their proce­
dure used physical partitions (Chamblee, 1958) to preclude interspecific 
competition among shoots, roots, or both. Thus, effects of above and 
below—ground competition were separated. 
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Groves and Williams (1975) grew subterranean clover (Trifolium 
subterraneum L.) and skeleton weed (Chondrilla juncea L.) separately (no 
competition), together with above-ground partitions (root competition), 
together with below-ground partitions (shoot competition) , and together 
without partitions (shoot and root competition). The three degrees of 
freedom assigned to the four levels of competition were partitioned into 
a single degree of freedom each for root, shoot, and root x shoot 
competition effects. Different pots were harvested at five intervals 
after planting. Root competition reduced leaf area of skeleton weed at 
the last three harvests, but had a small effect on its root growth only 
at the last harvest. Shoot competition reduced root growth of skeleton 
weed at the last four harvests but had no effect on leaf area. By the 
fifth harvest, the leaf area of subterranean clover under root competi­
tion was reduced by two-thirds. Root weight of subterranean clover was 
greater under root competition with skeleton weed, but not under shoot 
competition. 
Martin and Field (1984) conducted a similar experiment with peren­
nial ryegrass and white clover. Repeated harvests were made at 8, 12, 
16, and 20 weeks after planting. Perennial ryegrass' dominance was 
present from the beginning of the experiment and increased with time. 
As observed by Groves and Williams (1975), root competition had the 
greatest effect on the shoots and shoot competition had the greatest 
effect on the roots. As in several other experiments cited by Martin 
and Field (1984), effects of root competition exceeded shoot competition 
in the first few months after planting. By the last harvest, however. 
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this situation was reversed. The reversal was attributed to the inhibi­
tion of root development by cutting. 
Sakai Sakai (1955) integrated a competition component into the 
Mather (1949) formulae for heritability estimation. His model considers 
competitive ability as an additional genetic, though nonheritable, ef­
fect separate from Mather's (1949) original genetic effect. Sakai 
(1955) interpreted the difference of the variance of individual plants 
within component monoculture plots from the variance of individual 
plants in the mixture plots as due to competition. Sakai's (1955) model 
(genetic, environment, and competition effects) predicted observed gene­
tic variances and covariances of different generations better than 
Mather's (1949) model (genetic and environment effects only) in segrega­
ting rice (Oryza sativa L.) populations. The variance components calcu­
lated using Sakai's (1955) model were deemed better than Mather's (1949) 
for heritability estimation. 
Intergenotypic competition 
Thoughts conceived for models of intergenotypic competition are 
also relevant to interspecific mixtures. Schutz and Brim (1967) defined 
four types of intergenotypic interactions. In a neutral situation, 
neither genotype is affected by competition. With undercompensation, 
competition is to mutual disadvantage. The complementary interaction is 
the situation of offsetting gains and losses on the part of the two 
components. Overcompensation implies cooperation to mutual advantage. 
Allard and Adams (1969) investigated intergenotypic competition in 
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barley populations. They found only small levels of overcompensation in 
two-conçonent mixtures using the cultivars Atlas, Club Mariout, Hero, 
and Vaughn. However, when a similar experiment was performed using 
eight cultivars randomly chosen from the 18th generation of the Compo­
site Cross V population, overcompensation was much higher. They con­
cluded that natural selection operated in favor of genotypes that were 
both high yielders and good competitors. 
Allard and Adams (1969) pointed out that overcompensation is a 
necessary, but not sufficient, condition for stable equilibrium. In 
addition to the constant equilibrium situation, considered by deWit 
(1960), oscillating equilibria may also arise in a frequency-dependent 
model. First, with a complementary interaction, oscillating frequencies 
with constant amplitude may occur. Second, with mixed neutral and 
overcompensatory interactions, oscillatory frequencies with an amplitude 
increasing to a certain stabilization point may occur. The greater the 
number of genotypes involved, the smaller the amplitude of the oscilla­
tion. 
Grass-Legume Relationships 
Grasses and legumes grown together may interact in many ways. The 
relative dominance of the components may vary with season, microenviron-
ment, and management. Seasonal effects may be very important in preven­
ting competitive exclusion because species intentionally used for grass-
legume mixtures are usually complementairy in their seasonal production. 
The goal may be to extend the length of the growing season, especially 
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when the stand is pastured at least part of the year. Timely cutting 
may also maintain a balanced conçetitive situation. 
In general, frequent defoliation will favor the dominated component 
of a mixture by removing more forage of the dominant component 
(Chamblee, 1972; Rhodes, 1981). Infrequent defoliation will usually 
favor the dominant component by allowing it the competitive advantage 
for an extended time period. Growth habit, however, may modify the 
above consideration considerably (Haynes, 1980). Grasses with upright 
growth habit are often slow to recover from cutting. For example, when 
smooth bromegrass (Bromus inermis Leyss.) is cut at the stem elongation 
or early heading stage, the removal of shoot apices obliges new tillers 
to be initiated at the plant base (Smith et al., 1973). This inhibits 
smooth bromegrass, especially when in mixture with alfalfa (Medicago 
sativa L.). A similar situation exists for many legumes (Haynes, 1980). 
Alfalfa's regrowth is more delayed than that of some companion grasses 
because new buds must be initiated from the basal crown (Chamblee, 
1972). Creeping-rooted or stoloniferous genotypes are most likely to 
persist under frequent cutting management. For example, the prostrate 
birdsfoot trefoils (Lotus corniculatus L.) and Dutch white clovers are 
more persistent under a frequent cutting management than the erect 
birdsfoot trefoils and ladino white clovers, respectively (Rhodes, 
1981) . 
A second management variable is plant density and arrangement. 
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Rows of smooth bromegrass and timothy (Phleum pratense L.) yielded 
higher when spaced 0.15 m from an alfalfa row than when spaced 0.30, 
0.46, or 0.61 m away (Tewari and Schmid, 1960). Within-row grass-
alfalfa mixtures have been reported to be both higher (Tewari and 
Schmid, 1960) and lower (Kilcher and Heinrichs, 1958) than alternate-row 
mixtures in total DMY and alfalfa percentage. 
Several authors have minimized seedling competition by controlling 
seeding pattern (Fyfe and Rogers, 1965; Litav and Zeligman, 1977; Newman 
and Smith, 1972). Alternate-row mixtures have usually minimized both 
seedling and mature plant competition. Typical of many experiments, 
Fyfe and Rogers (1965) found that alfalfa and tall fescue could be kept 
together in a mixture more easily in alternate rows than in broadcast 
mixtures. Thomas (1985) described a modified grain drill used to plant 
different legume species in alternate rows. 
Turkington et al. (1977) studied neighbor relationships in four old 
grass-legume communities in Ontario. Number of contacts (plants touch­
ing a given plant above ground) were tallied for individuals and summed 
over species. Predicted joint frequency of two species' contact was 
calculated by multiplying individual species' frequencies of contact. A. 
test for deviation of observed from predicted frequency was made with 
the chi-square statistic. In such an analysis, if observed frequency 
exceeds predicted frequency, a positive association is present. If 
predicted frequency exceeds observed frequency, a negative association 
is present. In this study, of 21 grass-grass combinations, 7 of 10 
significant associations were negative. Of 10 legume-legume combina-
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tions, 5 of 5 significant associations were negative. Of 35 grass-
legume combinations, 16 of 18 significant associations were positive. 
Turkington and Cavers (1979) showed with sown plots that when grasses 
were present, individual legume species tended to be more evenly distri­
buted and less clumped. They also found that legume-legume combinations 
were more likely to be positively associated when grasses were present 
than when absent. Thus, interspecific competition between grasses and 
legumes was deemed to be greater than interspecific competition amongst 
legumes themselves. They reconciled this finding with that of 
Turkington et al. (1977) by postulating that in younger stands, as those 
under study, competition is very important, whereas in older communi­
ties, such as studied by Turkington et al. (1977), coadaptation is able 
to supersede the initial competitive forces. 
Irradiance and moisture 
Competition for irradiance is often considered the most intense 
form of competition in grass-legume mixtures (Donald, 1961). Grasses 
permit a better distribution of irradiance throughout the canopy than 
legumes (Haynes, 1980; Stem and Donald, 1962). This is largely a 
result of the erectophilic canopy structure of grasses (Haynes, 1980). 
At least partly because of this difference in canopy structure, legumes 
generally have greater irradiance requirements than grasses and do not 
adapt as readily to shaded conditions. Clovers have a lower critical 
leaf area index (LAI) than grasses. 
If the companion grass is taller and faster growing than the le-
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gume, the deprivation of irradiance to the legume is intensified, par­
ticularly at first cut (Haynes, 1980; Miller et al., 1984). While 
maintaining alfalfa in a mixture with grass for hay was a major concern 
in the past, advances in management and improvement in alfalfa cultivars 
have shifted the concern to maintaining the grass (Snaydon, 1978). 
Alfalfa in North American hayfields now tends to dominate grasses 
(Chamblee, 1972), but management may shift the competitive abilities of 
the two species considerably (Rhodes and Stem, 1978). Haynes (1980) 
has postulated that alfalfa has a more irradiance-efficient canopy 
structure than some other legumes, in particular the clovers. 
Shade-tolerant orchardgrass (Dactylis glomerata L.) is more likely 
to persist in alfalfa mixture than other perennial grasses, presuming 
adequate K nutrition (Chamblee, 1972; Miller et al., 1984). In work by 
Rhodes and Stem (1978), shading of grasses decreased tillering and in­
creased leaf area production per tiller and leaf size, but did not 
change rate of leaf appearance. Under some conditions, however, a grass 
species such as tall fescue (Festuca arundinacea Schreb.) may outcompete 
alfalfa by shading crown buds (Chamblee, 1972). Of three grasses stud­
ied in combination with alfalfa at first cut in Minnesota, smooth brome-
grass was the most competitive for irradiance, orchardgrass was interme­
diate, and reed canarygrass (Phalaris arundinacea L.) was least competi­
tive (Miller et al., 1984). When grown with birdsfoot trefoil in 
Missouri, tall fescue genotypes with high leaf-area-expansion rate and 
the associated trait of low tiller production were less competitive for 
irradiance than genotypes with low leaf-area-expansion rate and high 
32 
tiller production (Basson and Nelson, 1984) . 
In controlled experiments with treatments permitting and prohibi­
ting shoot competition, shoot competition interacted with shading 
(Snaydon and Baines, 1981). When shading was increased with shoot 
competition, as would occur in the field, white clover and perennial 
ryegrass were equally affected. However, when shoot competition between 
the two species was prevented with a physical barrier, shading had a 
more deleterious effect on white clover. These results imply that shoot 
competition is more complex than the shading effect of one species on 
another. 
Pritchett and Nelson (1951) investigated the effect of reduced 
irradiance, as would be experienced when planting with an oat companion 
crop, on alfalfa and smooth bromegrass. Reduced irradiance markedly 
reduced nodulation of alfalfa. In both species, reduced irradiance 
reduced root dry weight more than shoot dry weight, of particular impor­
tance in the field under stress conditions. 
Competition for moisture is dependent on the morphology of the root 
system (Chamblee, 1972). Grasses generally have a more extensive root 
system in the top 0.30 m of soil than alfalfa. However, alfalfa may 
compete successfully with orchardgrass for moisture even in this layer. 
Below 0.30 m, alfalfa's root system is more extensive than that of com­
panion grasses. 
Legumes are considered to have lower water-use efficiency (WUE), 
the amount of water used per unit of dry matter produced, than grasses 
because of low stomatal resistance (Haynes, 1980; Snaydon, 1978). While 
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Van Riper (1964) found no differences between alfalfa and alfalfa-grass 
associations in WUE, Powell and Kardos (1968) found that mixtures of 
alfalfa and birdsfoot trefoil with orchardgrass and smooth bromegrass 
had higher WOE than the legume monocultures. 
Macronutrients 
Nitrogen cycling in pastures is believed to operate primarily 
through mineralized N, animal wastes, plant litter, dead plants, and 
sloughed roots and nodules (Vallis, 1978), rather than excreted compounds 
(Eaynes, 1980; Vallis, 1978). While a legume may improve the N status 
of the soil for the grass, it may also function as a competitor for 
mineralized N, especially as a seedling (Haynes, 1980; Vallis, 1978). 
Legumes usually fix a much larger portion of their N when in mixture 
with grasses than when in monoculture (Saynes, 1980; Vallis et al., 
1967). Rhodes and Mee (1978) claimed mutualistic relationships between 
perennial ryegrass and white clover in New Zealand were more likely at 
low N levels (40 kg ha~^ year"^) than at high N levels (240 kg ha~^ 
year"^). When a grass is grown with a legume, the grass* N uptake is 
usually greater than that of an unfertilized monoculture (Vallis, 1978). 
Still, Chamblee (1972) concluded that N fertilization may be required to 
maintain a grass with alfalfa. Stern and Donald (1962) grew mixtures of 
subterranean clover and Swiss ryegrass (Lolium rigidum Gaud.) at various 
rates of N in Australia. An acceptable balance was maintained at moder­
ate rates of N. 
On the basis of root morphology, legumes are at a disadvantage for 
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uptake of other macronutrients when compared to grasses (Haynes, 1980). 
Grasses have articulated root systems which allow them to exploit the 
soil environment more effectively than legume root systems. Thus, 
legume percentage may increase when P, K, or S is applied. Haynes 
(1980) concluded that when K is sufficient, alfalfa dominates the grass, 
but when K is limiting, grass dominates the alfalfa. Legumes are also 
generally poor competitors for K because of high root cation exchange 
capacity (CEC). This results in a tendency to attract Ca"*"*" instead of 
Root CEC of legumes may be double that of grasses. 
Vesicular-arbuscular mycorrhizae (VAM) are very beneficial to 
plants with inefficient nutrient uptake, such as legumes (Haynes, 1980). 
Legumes generally show good response to VAM inoculation. Inoculated 
plants are believed to be better competitors for P, to have better 
nodulation, and to exhibit higher levels of nitrogenase activity. 
Temperate Grass-Legume Mixtures 
Many workers have reported results of grass—legume mixture experi­
ments. Growing grasses with legumes may control weeds during establish­
ment, reduce field-drying time, and minimize heaving of the legume 
(Newman and Smith, 1972). Grasses also provide more effective control 
of erosion than legumes. The effects of species, cutting management, 
seeding pattern, and N application on total DMY, DMY of each component, 
and persistence are the usual items of interest in grass-legume mixture 
experiments. 
Wilsie (1949) reported that birdsfoot trefoil did not compete well 
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with smooth bromegrass under a 2-cut per year management in Iowa. 
Kalton and Wilsie (1953) stated that the relative performance of north-
em and southern strains of smooth bromegrass in combination with alfal­
fa was inconsistent. They did conclude, however, that alfalfa DMY was 
inversely proportional to DMY and aggressiveness of smooth bromegrass. 
In their study of alfalfa-smooth bromegrass mixtures under a 2-cut per 
year management in Iowa, alfalfa percentage dropped each of the first 2 
years of the test. The loss of alfalfa was consistent among smooth 
bromegrass cultivars. In Nebraska, Van Riper (1964) grew smooth brome­
grass, intermediate wheatgrass (Agropyron intermedium (Host) Beauv.), 
and orchardgrass in combination with alfalfa and birdsfoot trefoil. 
Much more grass was present in the birdsfoot trefoil mixtures than in 
the alfalfa mixtures. Fyfe and Rogers (1965) grew tall fescue and 
alfalfa together in England. Over 4 production years, alfalfa produced 
63% of the DMY. Haussmann et al. (1983) grew tall fescue and birdsfoot 
trefoil together in Italy. Over 5 years, birdsfoot trefoil produced 24% 
and 26% of the DMY in within-row and alternate-row mixtures, respec­
tively. Casier (1984) grew rows of orchardgrass, perennial ryegrass, 
and smooth bromegrass with broadcasted alfalfa in Wisconsin. Though 
recovery from clipping was in the order orchardgrass > perennial rye­
grass > smooth bromegrass, perennial ryegrass did not compete as well as 
smooth bromegrass once alfalfa began to regrow. 
At an early date, Wilsie (1949) noted that management practices, 
including frequency and time of cutting, are very important for main­
taining grasses and legumes in mixture. Experience in Wisconsin indi­
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cates that smooth bromegrass and timothy do not persist well in mixture 
with alfalfa under a 3—cut per year management (Newman and Smith, 1972) . 
Both of these species have a strong tendency for apical dominance, which 
results in growing points of uniform height. Because the early-
flowering stage of alfalfa usually corresponds to the time of stem 
elongation of these grasses, their growing points are usually removed in 
the first cut. New meristems must then be generated from the base of 
the plant. Orchardgrass, with much less apical dominance, is able to 
produce a continuous supply of growing points and is better adapted to 
frequent cutting in mixture with alfalfa. Habib et al. (1978) observed 
that when alfalfa was clipped every 20 days in Egypt, recovery and 
growth rate of alfalfa exceeded that of three companion grasses. At 40-
or 60-day cutting intervals, however, the grasses were able to contrib­
ute approximately half of the DMY. 
By 3 years after seeding. Smith et al. (1973) found orchardgrass 
and reed canarygrass to be more productive than smooth bromegrass and 
timothy when grown in mixture with alfalfa in Wisconsin under a 3—cut 
per year management. Under a 2-cut per year management, however, smooth 
bromegrass was superior to orchardgrass and reed canarygrass. When 
three cutting managements (2-, 3-, 4-cut per year) and two cutting 
heights (40 and 100 mm) were studied in factorial combination, the 
poorest grass stand 3 years after seeding was 95% of a full stand with 
orchardgrass (2-cut per year at 40 mm), 87% with reed canarygrass (4-cut 
per year with 40 mm), 10% with smooth bromegrass (3-cut per year at 40 
mm), and 2% with timothy (3-cut per year at 40 mm). Alfalfa dominated 
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all the mixtures. Orchardgrass, smooth bromegrass, and reed canarygrass 
were equally dominant in alfalfa mixtures under a 2-cut per year system, 
but orchardgrass was most dominant under 3— and 4-cut per year systems 
in Minnesota (Miller et al., 1984). 
Shifts in dominance of mixture components, particularly from the 
establishment year to later in the life of the stand, are common. 
Wilsie (1949) saw greater differences among smooth bromegrass cultivars 
competing with alfalfa in Iowa the longer his experiment was in prog­
ress. In Wales, Davies and Tyler (1962) reduced establishment-year 
alfalfa DMY by planting with orchardgrass and meadow fescue (Festuca 
elatior L.). As the stand grew older and alfalfa percentage increased, 
however, this effect was reversed. Cullen (1965) reported that though 
orchardgrass and tall fescue dominated alfalfa in the establishment year 
in New Zealand, this effect was reversed by the 3rd year of the trial. 
Use of inçersistent grasses to encourage large legume percentages 
after the establishment year has often been suggested. Perennial rye­
grass dominated white clover in mixture in Northern Ireland (Camlin, 
1981). White clover percentage declined from 23 to 5Z in 3 years. The 
use of less persistent perennial ryegrass cultivars allowed greater 
white clover production. Of nine grass species studied in combination 
with birdsfoot trefoil in Minnesota, only reed canarygrass and smooth 
bromegrass allowed an increase in birdsfoot trefoil percentage from the 
1st to the 3rd year of the test (Sheaffer et al., 1984). Reed canary-
grass and smooth bromegrass mixtures increased from 23 to 48% and 34 to 
45% birdsfoot trefoil, respectively. The advantage of inclusion of the 
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other seven grass species was that they greatly reduced weediness during 
establishment, but declined later to permit greater legume production. 
In general. Casier and Drolsom (1984) concluded that monoculture 
performance of grasses could not predict their performance in mixture 
with alfalfa. An exception was timothy where early maturity was related 
to both high monoculture DMY and productivity in mixture. This was 
attributed to the ability of early cultivars to be fully headed at first 
cut, instead of being at some stage of stem elongation when carbohydrate 
reserves were low. 
Canopy Characteristics 
Rhodes has elucidated the relationship between DMY and canopy 
structure in perennial ryegrass. His early work provided experimental 
evidence of an interaction between frequency of cutting and canopy 
structure affecting DMY (Rhodes, 1969). Divergent selections for sixth-
leaf length from the S.321 perennial ryegrass population were evaluated 
in the greenhouse under infrequent (24 to 30 days) and frequent (8 to 10 
days) cutting managements. The long-leaved population was more produc­
tive than the short-leaved population under infrequent cutting. The 
short-leaved population was more productive than the long-leaved popula­
tion under frequent cutting. 
In another experiment, Rhodes (1971b) evaluated four populations, 
each based on tiller angle and rigidity (ratio of the distance between 
ligule and point of flagging to leaf length) of leaves, with eight 
genotypes each. All materials were selected from S.321. The popula­
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tions, evaluated in a greenhouse under infrequent (28 to 34 days) and 
frequent (14 to 17 days) cutting, were characterized by erect tillers 
and rigid leaves (ER), erect tillers and lax leaves (EL), prostrate 
tillers and rigid leaves (PR), and prostrate tillers and lax leaves 
(PL). Though all four populations yielded higher under infrequent 
cutting than frequent cutting, there was an interaction between popula­
tion and cutting management for DMY. Under infrequent cutting, the ER 
population was higher yielding than the others. It also had the highest 
leaf area index (LAI) at complete solar radiation interception. Under 
frequent cutting, the PR and PL populations yielded more than the ER and 
EL populations. The prostrate populations exhibited a high extinction 
coefficient. Also, a large portion of their LAI was located at the base 
of the canopy. 
In summary, Rhodes (1971b) stated that, for infrequent cutting, a 
low extinction coefficient and a high LAI are desirable. This combina­
tion occurs in genotypes with long, rigid leaves and erect tillers. For 
frequent cutting, a higher extinction coefficient and considerable leaf 
area near the bottom of the canopy are desirable. Thus, sufficient leaf 
area to permit fast regrowth will be retained below the cutting height. 
In a related study, Rhodes (1971a) surveyed canopy development of 
two populations of perennial ryegrass, S.23 and Ba6280, in a greenhouse. 
The S.23 population was short leaved with dense, prostrate tillers. The 
Ba6280 population was long leaved with sparse, erect tillers. The S.23 
population retained more leaf area after cutting. The first 14 days 
after cutting, crop growth rate (CGR) was greater for S.23 than Ba6280 
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(16.1 to 11.7 g day~^). The second 14 days after cutting, CGR was 
greater for Ba6280 than for S.23 (19.4 to 5.7 g day~^). The third 
14 days after cutting CGRs for Ba6280 and S.23 were similar (1.9 and 0.6 
g m~^ day~^). Such differences in growth distribution explain why S.23 
would yield more under frequent cutting and Ba6280 would yield more 
under infrequent cutting. 
Rhodes (1971b) argued that selection for slow rate of leaf appear­
ance may or may not increase DMY under infrequent cutting depending on 
the base population. He cited unpublished data that showed that such 
selection increased DMY in the S.23 perennial ryegrass population, which 
has short, rigid leaves, by reducing the number but increasing the size 
of leaves. On the other hand, such selection in the S.22 annual rye­
grass (Lolium multiflorum Lam.) population, which has large, lax leaves, 
did not increase productivity, presumably because large leaf size was 
associated with laxness of leaves. 
Later work (Rhodes, 1973) investigated the relationship between DMY 
and morphological measures of canopy structure. Families of perennial 
ryegrass, annual ryegrass, and perennial x annual ryegrass crosses were 
subjected to an infrequent cutting management. Leaf length x sin(tiller 
angle) was correlated with DMY in all three groups. Leaf length alone 
was correlated with DMY in the perennial and perennial x annual groups. 
A negative correlation between leaf rigidity and DMY was attributed to 
the association of short leaves with rigid leaves. Variation was not 
observed for leaf angle. The results of Tan et al. (1977) with smooth 
bromegrass differ from those of Rhodes (1973) in that they found both 
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leaf length and leaf rigidity to be negatively correlated with DMY in 
the first cut of a 2-year-old stand. 
Rhodes and Mee (1980) evaluated perennial ryegrass lines developed 
by phenotypic recurrent selection for leaf length, tiller angle, leaf 
rigidity, and leaf angle for DMY under a 35-day cutting management in a 
greenhouse- Selection for long leaves gave the largest increase in DMY. 
Dry-matter yield improvement resulting from selection for more erect 
tillers and rigid leaves was less consistent. The authors concluded 
that selection for tiller angle and leaf rigidity would most likely 
improve DMY when conducted in combination with selection for long 
leaves. Selection for more erect leaves had no effect on DMY. 
Rhodes (1975) suggested an interaction between canopy structure and 
age of stand for DMY may also be important. In a greenhouse experiment, 
perennial ryegrass populations selected for long leaves generally had 
higher DMY in the 1st year but suffered impersistence and lower DMY the 
2nd year. In the 1st year, leaf length was correlated with DMY. Imper­
sistence of the high tiller angle (erect) types was attributed to con­
comitant intemodal elongation in vegetative growth. As growing points 
were elevated, they were more susceptible to removal by cutting. 
Yield Components 
The nature of yield components in tall fescue has been elucidated 
by Nelson and colleagues. Zarrough et al. (1983a) summarized many of 
their results. The stand life may be considered to consist of two 
phases separated by a point of transition. The transition point occurs 
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when equilibrium tiller density is reached. Kays and Harper (1974) 
provided evidence that plantings of perennial ryegrass converge to a 
common tiller density despite differing sowing rates. Before this 
transition point, the most important yield component is tiller number 
(TN) (Zarrough et al., 1983a). After the transition point, yield per 
tiller (YPT) becomes more important. These two components both have 
positive direct effects on DMY, but because they are negatively corre­
lated, they both have negative indirect effects on DMY (Nelson et al., 
1977). The transition point may not be reached under conditions of low 
N (Nelson and Zarrough, 1981; Zarrough et al., 1983a). Nelson and 
Zarrough (1981) applied four rates of N (0, 90, 180, and 270 kg ha~^). 
The first 90 kg ha~^ had a greater effect on TN than YPT. Additional N 
had a greater effect on YPT than TN. Alternate plants of birdsfoot 
trefoil could not supply sufficient N to maximize YPT (Zarrough et al., 
1983a). Apparently, TN requirements for N are fulfilled before YPT 
requirements. 
Zarrough et al. (1983a) utilized three genotypes, previously de­
scribed by Jones et al. (1979). The high yield per tiller (HYT) geno­
type is characterized by high YPT, high leaf-elongation rate (LER), and 
low TN. The medium yield per tiller (MYT) genotype is characterized by 
medium YPT, medium LER, and medium TN. The low yield per tiller (LYT) 
genotype is characterized by low YPT, low LER, and high TN. Zarrough et 
al. (1983a) started propagules of these genotypes in March in a green­
house and transplanted them to a field in April. At the first harvest 
(June), LYT yielded higher than MYT and HYT, but by the fourth harvest 
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(October), LYT yielded less than MYT and HYT. Zarrough et al. (1983b) 
investigated the point of equilibrium tiller density for these three 
genotypes. Time required for LYT and MYT to reach the transition point 
was shorter than that required for HYT. 
Zarrough et al. (1983a) found that while LYT had the most harvested 
LAI, it also had the lowest specific leaf weight (SLW). Furthermore, 
while harvested LAI of LYT remained constant from cut to cut, harvested 
LAI of MYT and HYT increased. This was attributed to the ability of 
these genotypes, particularly HYT, to accumulate water-soluble carbohy­
drates (WSC) between harvests. The HYT genotype stem bases had 16% WSCs 
while stem bases of LYT had 10% WSCs. At the same time, LYT had consid­
erably more residual leaf area (RLA) after defoliation than HYT. Thus, 
it was suggested that WSCs were primarily responsible for facilitating 
regrowth of HYT, whereas RLA was primarily responsible for facilitating 
regrowth of LYT. The HYT used 234% more WSCs per tiller than LYT in the 
first 2 weeks of regrowth. Given sufficient time before the next cut, 
the leaves produced by HYT eventually replenished the WSC pool in the 
stem bases. 
Nelson et al. (1977) found that LER was more important than leaf 
width in influencing leaf-area-elongation rate in tall fescue. The LER 
12 to 16 days after cutting was recommended as a selection criterion for 
forage yield (Horst et al., 1978). Reeder et al. (1984) evaluated five 
cycles of phenotypic recurrent selection for high and low leaf-area-
expansion rate (LAER), the product of LER and leaf width. Realized 
heritability for LAER was 15.3% averaged over 2 years of evaluation. 
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Results of selection for SLW in reed canarygrass provide an inter­
esting analogy to results of selection for LAER in tall fescue. Topark-
Ngarm et al. (1977) evaluated cycle-1 (C^) populations selected diver­
gently for high SLW (HSLW) and low SLW (LSLW). The propagules were 
started in April in a greenhouse, transplanted as spaced plants to the 
field in May, and evaluated in August, October, and the following June. 
The HSLW-Cj^ plants had lower TN and higher YPT than LSLW-C^ plants. In 
August, DMYs of HSLW-Cj^ plants were less than those of LSLW-C^ plants. 
In October, DMY differences were nonsignificant. Finally, the following 
June HSLW-Cj^ exceeded LSLW-Cj in DMÏ (p < 0.10). Thus, these results 
are analogous to findings in tall fescue (Zarrough et al., 1983a) where 
TN, though initially the most important yield component, was superseded 
by YPT by the fourth harvest. 
An explanation for this analogy is provided by the positive corre­
lation between SLW and YPT in reed canarygrass (Carlson et al., 1983). 
Carlson et al. (1983) reported that spaced plants of HSLW-C2» 52% higher 
than LSLW-C2 in SLW, had 38% lower TN/plant, 83% higher YPT, 39% higher 
DMY/plant, and 24% greater LER than LSLW-C2. Three cycles of divergent 
selection for DMY in perennial ryegrass were completed in Italy 
(Ceccarelli et al., 1980a). Selection was performed in a greenhouse on 
plants planted in October and grown through February. The plants were 
spaced 50 mm apart and were harvested approximately every 30 days. 
Ceccarelli et al. (1980b) reported that selection for high DMY in a 
greenhouse increased rate of tiller production without changing rate of 
leaf appearance. On the other hand, selection for low DMY reduced both 
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rate of tiller production and rate of leaf appearance. Apparently, one 
may select for DMY of either the pre- or post-transition point phase. 
Ceccarelli et al. (1980a) seem to have selected for pre-transition point 
DMY, not post-transition point DMY, because from 85 to 96% of the varia­
tion in DMY was explained by TN (Ceccarelli et al., 1980b). On the basis 
of the data of Zarrough et al. (1983a), pre-transition point and post-
transition point DMY are probably negatively correlated. 
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PART I. REED CANARYGRASS BINARY MIXTURES WITH ALFALFA AND 
BIRDSFOOT TREFOIL IN COMPARISON WITH MONOCULTURES 
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ABSTRACT 
Maintenance of viable grass-legume mixtures is an important objec­
tive of temperate perennial grassland management, yet one species is 
often quickly lost from the stand. Our objective was to study factors 
which influence persistence of reed canarygrass (Phalaris arundinacea 
L.) in binary mixture with alfalfa (Medicago sativa L.) and birdsfoot 
trefoil (Lotus corniculatus L.). Divergent cycle-2 specific leaf weight 
(SLW) populations of reed canary grass were grown in alternate—row mix­
ture under a 3-cut per year management with 'Olympic* and 'Baker' 
alfalfa and 'Norcen' and 'Dawn* birdsfoot trefoil. Reed canarygrass, 
fertilized with 18 kg N ha~^ cut~^, and legume monocultures were in­
cluded for comparison. By the end of the study, following eight har­
vests, alfalfa had competitively excluded reed canarygrass. Relative 
yield total calculations indicated that competition between alfalfa and 
reed canarygrass was for deWit's "different space" at early harvests and 
the "same space" at late harvests. Birdsfoot trefoil mixtures reached a 
seasonally-oscillating equilibrium by the spring following establishment 
with botanical composition varying from 67 to 81% legume. In contrast 
to alfalfa-reed canarygrass mixtures, competition between birdsfoot tre­
foil and reed canarygrass was for the "same space" at early harvests and 
for "different space" at late harvests. No yield differences between 
SLW populations were found in mixture, although high SLW yielded 19% 
more than low SLW in monoculture over eight harvests. Reed canary­
grass had higher te vitro digestible dry-matter concentration in mixture 
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than in monoculture as long as reed canarygrass yields in mixture did 
not exceed yields in monoculture. Legumes were taller and more mature 
in mixture than in monoculture at early harvests. Increased height 
and advanced maturity may be useful mechanisms for establishing the 
legume as the dominant component of a mixture. 
Additional index words : Competition, ^  vitro digestible dry-matter. 
Legume compatibility, Lotus comiculatus L., Medicago sativa L., 
Phalaris arundinacea L., Relative yield total. Specific leaf weight. 
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INTRODUCTION 
Forage grasses and legumes may compete for irradiance, water, and 
soil minerals when grown in mixture. Competition for irradiance is 
often considered to be the most critical of these (Donald, 1961). 
Though legumes often have deeper root systems than grasses (Chamblee, 
1972), they also exhibit lower water-use efficiency (WUE) (Haynes, 1980; 
Snaydon, 1978). The articulated nature and low cation exchange capacity 
of grass roots give grasses an advantage over legumes in extracting 
monovalent cations from the soil (Haynes, 1980). Unlike the highly 
competitive relationships which exist for irradiance, minerals, and 
water, the nitrogen relationship may be largely noncompetitive (Haynes, 
1980; Vallis et al., 1967). Using the isotope dilution method, reed 
canarygrass (Phalaris arundinacea L.) was found to derive 68 and 79% of 
its N from the companion legume when grown with alfalfa (Medicago sativa 
L.) and birdsfoot trefoil (Lotus comiculatus L.), respectively (G.H. 
Heichel, Dept. of Agronomy and Plant Genetics, Univ. of Minnesota, pars, 
comm.). 
DeWit (1960) introduced the concept of relative yield total (RYT) 
to place differences between yields of mixtures and their component 
monocultures on an ecological basis. An RYT is calculated as the sum 
over all components of the ratios of component yields in mixture to 
their yields in monoculture. DeWit (1960) termed competition by two 
components for the same substance "mutual exclusion". Mutual exclusion 
occurs when competition is for the "same space" in deWit's (1960) termi­
nology, i.e., in the absence of niche divergence. In this instance RYT 
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= 1.0. If competition is for "different space" such that niche diver­
gence occurs, RYT > 1.0. Such a value also may result from "facili­
tation", a positive stimulation of one or both components on the other 
(Khan et al., 1975). An RYT < 1.0 occurs if one or both components have 
a deleterious effect on the other beyond that explained simply by compe­
tition for "space". Unrelated to "mutual exclusion" is "competitive ex­
clusion", which results when one component displaces the other following 
competition for the "same space". 
Zarrough et al. (1983a) reported that birdsfoot trefoil had 26% 
higher dry-matter yield (DMY) and 31% more stems when grown in alter­
nate-plant mixture with a high tiller weight genotype of tall fescue 
(Festuca arundinacea Schreb.) than with a low tiller weight genotype. 
Hasson and Nelson (1984) reported that tall fescue populations selected 
for high leaf-area-expansion rate, which had low tiller density, had 
higher birdsfoot trefoil DMY when grown in alternate-plant mixture than 
populations selected for low leaf-area-expansion rate, which had high 
tiller density. Carlson et al. (1983) noted that reed canarygrass 
spaced plants, from a population having undergone two cycles of selection 
for high specific leaf weight (HSLW), had lower tiller number, higher 
tiller weight, and higher leaf-elongation rate than their low specific 
leaf weight (LSLW) counterparts. 
To better understand the persistence of reed canarygrass in binary 
mixture with alfalfa and with birdsfoot trefoil, we proceeded with three 
objectives in mind. First, we wished to characterize the ecological 
interactions of reed canarygrass in binary mixture with alfalfa and 
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birdsfoot trefoil using deWit's (1960) concepts. Second, we wished to 
compare HSLW and LSLW populations of reed canarygrass and cultivars of 
alfalfa and birdsfoot trefoil with contrasting growth characteristics 
for their ability to maintain a stable equilibrium in binary reed ca-
narygrass-legume mixture. Third, we wished to compare the mixtures 
with their component monocultures for quality and agronomic traits in 
order to elucidate the mechanisms and consequences of reed canarygrass-
legume competition. 
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MATERIALS AND METHODS 
Reed canarygrass genotypes included were cycle-2 HSLW and LSLW 
populations in the syn-2 generation (Carlson et al., 1983). The alfalfa 
cultivars included were Olympic and Baker, which exhibit fast and slow 
regrowth after cutting, respectively. The birdsfoot trefoil cultivars 
included were Norcen and Dawn, which exhibit semi-erect and prostrate 
growth habits, respectively. 
Entries were seeded 4 May 1982 in a Webster silty clay loam (fine-
losmy, mixed, mesic Typic Eaplaquolls) soil at the Agronomy Research 
Center, 13 km west of Ames, Iowa. Three replicates of the 14 entries 
(two grass monocultures, four legume monocultures, and eight grass-
legume mixtures) were included in a randomized complete block design. 
Planting was done with single-row planters in rows 0.10 m apart. Each 
monoculture plot consisted of 18 adjacent rows of the same species and 
each mixture plot consisted of nine grass rows alternating with nine 
legume rows. Plots were 1.83 x 3.66 m with the center 0.91 x 3.66 m 
strip harvested. 
The experiment was clipped at a 130-mm height on 26 July 1982. 
Harvest dates were 1) 9 Sept. 1982; 2) 7 June, 3) 22 July, and 4) 2 
Sept. 1983; 5) 20 June, 6) 1 Aug., and 7) 9 Oct. 1984; and 8) 7 June 
1985. All harvests were with a flail-type harvester at an 80-mm cutting 
height. After each plot was harvested, a sample of approximately 750 g 
fresh weight was taken for calculation of dry-matter (DM) concentration 
in order to convert plot fresh weights to dry weights. All DM samples 
were dried at 60°C. 
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Nitrogen was applied to reed canarygrass monocultures at the rate 
of 18 kg ha~^ on 30 July 1982; 30 Apr., 14 June, and 28 July 1983; 2 
May, 29 June, and 1 Aug. 1984; and 30 Apr. 1985. Uniform applications 
of 0.17 Mg ^2*^5 ^2® ha~^, 0.27 Mg K2O ha~^, and 0.11 Mg P^Og and 
0.25 Mg K2O ha~^, were applied on 21 Apr. 1983, 15 June 1983, and 3 
July 1984, respectively. Malathion was applied at the rate of 1.75 L 
ha~^ on 17 Aug. 1983 and 23 July 1984 for control of potato leafhoppers 
(Empoasca fabae (Harris)). Plots were hand weeded as necessary. 
Before each harvest three quadrats, 0.2 x 0.4 m in dimension, were 
sampled from each plot. These samples were used to determine botanical 
composition and vitro digestible dry matter (IVDDM) concentration of 
the reed canarygrass and legume components. Determination of IVDDM 
concentration was by the NC-64 direct acidification method (Marten and 
Barnes, 1980). At Harvests 5 to 8 these samples were also used to 
calculate DM concentration in the reed canarygrass and legume fractions. 
The DM concentration deviation was calculated as the difference in DM 
concentration observed in the mixture from that predicted based on the 
respective observations in monocultures and the mixture's botanical 
composition. 
Before each of the last six harvests, approximately 100 legume 
stems were removed from mixture and legume monoculture plots for meas­
urement of height and maturity. Maturity was scored by count according 
to Kalu and Fick (1983). 
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RESULTS AND DISCUSSION 
Changes in Mixture Botanical Composition over Time 
Alfalfa percentage of the total DMY rose steadily from 56.7% at 
Harvest 1 to 99.5% at Harvest 8 (Fig. 1). Over the eight harvests, 
84.7% of the total DMY was alfalfa. Reed canarygrass stands in alfalfa 
mixtures were severely damaged by a drought in August, 1984. Alfalfa's 
deep root system may have contributed to the soil—water depletion. 
Shading, resulting from alfalfa's greater height and speed of recovery of 
alfalfa after cutting, likely contributed to the loss of reed canary-
grass stands. The 3-cut per year management employed in this study 
probably favored alfalfa as the dominant component of the mixture more 
than would have a 4-cut per year management (Chamblee, 1972; Rhodes, 
1981). 
The total DMY of alfalfa mixtures was similar to that of alfalfa 
monocultures at all harvests (Table 1). Over time, the DMY of alfalfa in 
mixture increased to the level of alfalfa DMY in monoculture, and reed 
canarygrass DMY in alfalfa mixture decreased to essentially zero. The 
result was alfalfa "mixtures" virtually without reed canarygrass, leav­
ing alfalfa rows 0.20 m apart. These yielded similarly to the alfalfa 
monocultures with rows 0.10 m apart. The RYT of alfalfa mixtures was 
significantly greater (p < 0.05) than 1.0 at Harvests 1 to 6, but not 
significantly different (p > 0.10) from 1.0 at Harvests 7 and 8 (Fig. 
2). These data suggest an initial period of competition for "different 
space" followed by competition for the "same space", or mutual exclusion 
(deWit, 1960). Competitive exclusion occurs when the fundamental niche 
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Table 1. Reed canarygrass, alfalfa (ALF), birdsfoot trefoil (BFT), and 
total (TOT) dry-matter yield (DMY) of grass-legume mixtures 
versus DMY of their component monocultures at eight harvests 
Harvest Number and Year 
Entry 12345678 Total^ 
Group -1982 1984 1984 1985 82-85-
Reed Canarygrass 
monoculture 2.0 1.1 1.6 0.9. 2.0 1.0 0.2 0.7 9.4 
ALF mixture 1.3* 1.0 1.2* 0.4** 1.3 0.3 0.0 0.0 5.5** 
BFT mixture 1.7 0.6+ 0.9 0.5 1.7 1.1 0.2 0.9 7.5 
Alfalfa 
monoculture 3.1.. 4.2 3.9.. 3.5^^ 6.7 6.1 2.7 6.6 36.8 
mixture 1.7 3.1 2.8 2.9 5.7 5.6 2.8 6.5 31.1 
TOT DMY in 
mixture 3.0 4.0 4.0 3.3+ 7.0 5.9 2.8 6.6 36.6 
Birdsfoot Trefoil 
l : h  1 : 1 * *  :::» f::- J;?-
TOT DMY in 
mixture 2.7 2.2 3.7 2.2 5.8 3.5 0.7 4.5 25.0 
"^e standard error of mean total reed canarygrass DMY was 0.5. 
The standard error of mean total legume DMY was 0.9. 
^Mixture significantly different from monoculture at p<0.10. 
^^Mixture significantly different from monoculture at p<0.05. 
Mixture significantly different from monoculture at p<0.10. 
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requirements of the components are sufficiently similar, yet their 
relative competitive abilities are sufficiently different in this inclu­
sive niche (Aarssen, 1983). 
In contrast to alfalfa mixtures, legume percentage of birdsfoot 
trefoil mixtures stabilized early in the experiment (Fig. 1). Birdsfoot 
trefoil is shorter and slower to recover after cutting than alfalfa, 
thereby providing less competition for reed canarygrass. Birdsfoot 
trefoil comprised 37.2% of the DMY at Harvest 1, but botanical composi­
tion at subsequent harvests oscillated between 67.3 and 80.7% birdsfoot 
trefoil. Of the total DMY over eight harvests, 70.1% was birdsfoot 
trefoil. 
The total DMY of birdsfoot trefoil mixtures was as great as that of 
birdsfoot trefoil monocultures with the exception of Harvests 1 and 2 
(Table 1). Unlike in the alfalfa mixtures, reed canarygrass DMY in the 
birdsfoot trefoil mixtures became similar to that of the reed canary-
grass monocultures over time. Reed canary grass DMY in mixture was not 
significantly different (p > 0.10) from that in monoculture at Harvests 
5 to 7. At Harvest 8, reed canary grass DMY in mixture significantly 
exceeded (p < 0.05) reed canarygrass DMY in monoculture. 
The RYT of birdsfoot trefoil mixtures generally increased from 
early to late harvests (Fig. 2). The increase in RYT of the birdsfoot 
trefoil mixtures over time was largely because of the maintenance of 
reed canarygrass stands. These data strongly suggest an initial period 
of mutual exclusion, characterized by competition for the "same space", 
before the achievement of coexistence, characterized by competition for 
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"different space". In contrast to competitive exclusion, coexistence 
results when fundamental niche requirements are sufficiently different, 
since conçetitive effects are absent in exclusive niches (Aarssen, 
1983). Upon achievement of coexistence, botanical composition remained 
in a seasonally fluctuating equilibrium (Fig. 1). Such an observation 
is similar to that of Harris and Thomas (1973) for binary mixtures of 
white clover (Trifolium repens L.) with perennial (Lolium perenne L.) 
and short-rotation (L. multiflorum Lam. x L. perenne L.) ryegrass. 
Equilibrium was not reached until white clover contributed one-third of 
the total DMY. 
Alfalfa and birdsfoot trefoil mixtures had similar RYT when calcu­
lated with DMY summed over eight harvests (Table 2). However, changes 
in RYT over time lent support to the hypothesis that birdsfoot trefoil 
mixtures were more stable than alfalfa mixtures (Fig. 2). For alfalfa 
mixtures, regression of RYT on harvest number was negative but fell short 
of significance (p = 0.11). For birdsfoot trefoil mixtures, however, 
regression of RYT on harvest number was significantly positive (p < 
0.01). Harvest number accounted for 72% of the variation in RYT of the 
birdsfoot trefoil mixtures. 
In our experiment, only reed canarygrass monocultures were fertil­
ized with N. If we had not applied N, RYT values would have been 
higher, particularly in late harvests of birdsfoot trefoil mixtures, but 
our conclusions would have been similar. Alternatively, we could have 
applied the same rate of N to legume monocultures and mixtures as we 
applied to reed canarygrass monocultures. Unless N was limiting reed 
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Table 2. By-conçonent dry-matter yield of contrasting monocultures and 
mixtures and relative yield total of contrasting mixtures 
totalled over all eight harvests 
Contrasting Population or Cultivar 
Reed Canarygrass Alfalfa Birdsfoot Trefoil 
Component HSLW LSLW Olympic Baker Norcen Dawn 
Monoculture Dry-Matter Yield 
— 
Total 10.2 8.6+ 38.0 35.6+ 28.9 27.3 
Mixture Dry-Matter Yield 
— Mg ha~^ ————— 
Reed canarygrass 
Legume 
Total 
6.8 
24.3 
31.1 
6.2 
24.3 
30.5 
4.8 6.2* 
33.3 28.9** 
38.1 35.1 
7.9 
18.6 
26.4 
7.1 
16.4' 
23.6' 
Relative Yield Total 
1.44 1.41 1.35 1.47 1.55 1.33* 
^Populations or cultivars significantly different at p<0.10. 
^^Populations or cultivars significantly different at p<0.05. 
Populations or cultivars significantly different at p<0.01. 
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canarygrass DMY in mixtures, however, this would have no effect on 
botanical composition or RYT. 
Evaluation of Contrasting Populations and Cultivars 
Although DMY totalled over all harvests was 19Z greater (p < 0.10) 
for HSLW than LSLW in monoculture, no significant differences (p > 0.10) 
were detected between HSLW and LSLW in mixture for reed canarygrass DMY, 
legume DMY, or total DMY (Table 2). Perhaps genotypes with contrasting 
tiller weights exhibit greater differences in legume compatibility when 
grown in alternate-plant mixture, as in previous studies (Zarrough et 
al., 1983a; Hasson and Nelson, 1984), than when grown in alternate-row 
mixture, as in our study. The low N fertility probably limited the 
expression of the morphological differences between HSLW and LSLW cycle-
2 populations. 
With one exception, significant differences (p < 0.10) between 
legume cultivars within species for legume DMY, reed canarygrass DMY, 
and total DMY were present, but they never interacted (p > 0.10) with 
SLW populations (Table 2). Olympic mixtures had significantly more 
legtime DMY (p < 0.01), but significantly less (p < 0.05) reed canarygrass 
DMY than Baker mixtures. Total DMY was significantly greater (p < 0.01) 
for Olympic mixtures. Olympic and Baker had similar (p > 0.10) RYT, 
however. Norcen significantly (p < 0.10) exceeded Dawn in legume DMY, 
but was similar (p > 0.10) in reed canarygrass DMY. Total DMY (p < 
0.01) and RYT (p < 0.05) were significantly greater in Norcen than in 
Dawn mixtures. 
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Comparison of Mixtures with Component Monocultures for Quality 
and Agronomic Traits 
Reed canary grass IVDDM concentration was generally higher in mix­
ture than in monoculture when differences were significant (Table 3). 
At Harvests 2 and 8, however, reed canary grass IVDDM concentration was 
17 (p < 0.05) and 71 (p < 0.01) g kg~^ higher in monoculture than in 
birdsfoot trefoil mixture. Insufficient reed canarygrass DM was present 
in alfalfa mixture at Harvests 7 and 8 to determine IVDDM concentration. 
Ranking of monoculture and mixture for legume IVDDM concentration was 
inconsistent among harvests. 
Birdsfoot trefoil and alfalfa mixtures were lower in DM concentra­
tion than would be predicted based upon their component monocultures 
(Table 4). High DM concentration deviations (mixtures with lower DM 
concentration than predicted based on component monocultures) tended to 
occur at late harvests in birdsfoot trefoil mixture and at early har­
vests in alfalfa mixture. Thus, DM concentration deviation was greater 
when competition was for "different space", both in alfalfa and birds-
foot trefoil mixture. At Harvests 5 to 8, after this trend became 
apparent, DM concentration was determined separately on the reed canary-
grass and legume components (Table 5). While reed canarygrass DM con­
centration was always significantly lower (p < 0.10) in mixture than in 
monoculture, with a single exception, legume DM concentrations were 
similar (p > 0.10) in mixture and in monoculture. Shoots of alfalfa and 
smooth bromegrass (Bromus inermis Leyss.) had lower DM concentration 
when grown under lower levels of irradiance (Pritchett and Nelson, 
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Table 3. Reed canarygrass (RCG) vitro digestible dry-matter (IVDDM) 
concentration in monoculture and in mixture with alfalfa (ALF) 
and birdsfoot trefoil (BFT) at eight harvests^ 
Harvest Nimber and Year 
Entry 12345678 
Group -1982 1983- — —1984 -1985-
monoculture 561 612 525 586 520 614 653 629 
ALF mixture 588 619+ 574** 622* 544 646** . + . . 
BFT mixture 548 595 558 615 524 636 677 558 
**The standard errors of mean IVDDM concentration for Harvests 1 to 
8 were 13, 8, 6, 13, 9, 7, 8, and 7, respectively. 
''"Mixture significantly different from monoculture at p<0.10. 
^^Mixture significantly different from monoculture at p<0.05. 
Mixture significantly different from monoculture at p<0.01. 
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Table 4. Dry-matter (DM) concentration deviation ((mean of DM con­
centration of component monocultures weighted by botanical 
conçosition of mixture) minus (observed DM concentration of 
mixture)) of alfalfa (ALF) and birdsfoot trefoil (BFT) at 
eight harvests 
Harvest Number and Year 
Entry 1 2 3 4 -5 6 7 8 
Group —1982— ————1983——— — ——1984 —1985' 
g kg-1 
^ 11** -7 22** 35** 25** 26** 11* 17** 
^^DM concentration deviation significantly different from 0 at p<0.05. 
DM concentration deviation significantly different from 0 at p<0.01. 
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Table 5. Reed canarygrass, alfalfa (ALF), and birdsfoot trefoil (BFT) 
dry-matter concentration in monoculture and in mixture at the 
last four harvests 
Harvest Number and Year 
Entry 5 6 7 8 
Group 1984 -1985-
Reed Canarygrass 
monoculture 
ALF mixture 
BFT mixture 
330 336 
3i4* 
290 
271* 
Alfalfa 
monoculture 
mixture LI* 222 225 301 297 253 255 
Birdsfoot Trefoil 
monoculture 202 181 236 218 
mixture 200 188 234 221 
^Mixture significantly different from monoculture at p<0.10. 
^^Mixture significantly different from monoculture at p<0.05. 
Mixture significantly different from monoculture at p<0.01. 
66 
1951). 
Thus, competition from legumes often increased IVDDM concentration 
and decreased DM concentration of associated reed canarygrass. Reed 
canary grass DMYs were often lower in mixture than in monoculture (Table 
1). Since DMY and IVDDM concentration are often negatively correlated, 
differences in IVDDM concentration between mixtures and monocultures 
may be related to their differences in DMY. This conclusion is 
strengthened by results at Harvest 8, where, in contrast to other har­
vests, reed canary grass DMY in birdsfoot trefoil mixture was signifi­
cantly greater (p < 0.05) (Table 1) and IVDDM concentration was signifi­
cantly lower (p < 0.01) (Table 3) than in reed canarygrass monoculture. 
Besides reducing DMY, shading by the taller legumes may have delayed 
reed canarygrass maturity, also contributing to increased IVDDM concen­
tration in mixture. Shading by legumes may have contributed to de­
creased DM concentration of reed canarygrass in mixture by modifying the 
canopy environment. 
Height and maturity data were taken on legume stems at Harvests 3 
to 8 (Table 6). Alfalfa and birdsfoot trefoil grown in mixture were 
taller and more mature (p < 0.01) than when grown in monoculture at 
Harvests 3 and 4, but differences were not significant (p > 0.05) at 
subsequent harvests. These differences were also observed visually at 
Harvest 2, hence measurements were taken at later harvests. The method 
of Kalu and Fick (1983) for determination of maturity considers both 
height and reproductive stage, but does not separate the two. Chi-
square tests on frequencies of vegetative and reproductive stems at 
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Table 6. Height and maturity score of alfalfa (ALF) and birdsfoot 
trefoil (BFT) in monoculture and in mixture at the last six 
harvests 
Harvest Number and Year 
Entry 3 4 5 6 7 8 
Group 1983 1984 1985-
Height 
ALF 
ALF 
monoculture 
mixture 
0.77 
0.81 
0.67 
0.69 
0.38 
0.38 
0.67 
0.69 
BFT 
BFT 
monoculture 
mixture 
0.26. 
0.28 
0.59 
0.60 
0.35 
0.38+ 
0.18 
0.18 
0.39 
0.37 
- - - - - - -
1 — — -
Maturity Score 
1 to 9*^ —————— 
ALF 
ALF 
monoculture 
mixture I'.i** I'i** 
4.3 
4.6 
4.6 
5.0+ 
4.1 
4.2 
4.4 
4.6 
BFT 
BFT 
monoculture 
mixture 4^8** 1:1-
3.4 
3.6 
4.3 
4.5 
0.8 
0.8 
2.5 
2.6 
^l=least mature, 9=most mature. 
^Mixture significantly different from monoculture at p<0.10. 
^^Mixture significantly different from monoculture at p<0.05. 
Mixture significantly different from monoculture at p<0.01. 
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Harvests 3 and 4 established that mixture plots had higher frequencies 
of reproductive stems than monoculture plots. In other words, maturity 
scores were higher in mixture than in monoculture not only because of 
increased height, but also because of advanced phenological stage. 
The greater height and advanced maturity of legumes in mixture 
relative to monoculture at early harvests could be a result of 1) the 
greater distance between legume rows in mixtures, 2) greater stand 
losses in monocultures over time, making them more like mixtures at late 
harvests, or 3) the presence of alternating reed canarygrass rows in 
mixtures. Unfortunately, monoculture treatments with rows spaced 0.20 m 
apart as well as 0.10 m, which could test the first possibility, were 
not included. However, the observed differences are unlikely because of 
spacing alone because they diminished over time with both alfalfa and 
birdsfoot trefoil. Neither does differential stand offer a credible 
explanation, though alfalfa monoculture rows appeared to have somewhat 
thinner stands than mixture rows at the end of the experiment. 
The most likely explanation relates to stabilization of the mixture 
with the legume as the dominant component. At early harvests, increased 
height and maturity may be useful mechanisms in establishing the legume 
as the dominant component. At late harvests, the mixtures stabilize 
with the legume dominant and resemble more closely the legume monocul­
tures. Height and maturity differences between monocultures and mix­
tures decreased for both alfalfa and birdsfoot trefoil, even as two 
contrasting end results, competitive exclusion and coexistence, were 
realized. This observation is compatible with the hypothesis, based on 
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frequencies of grass and legume plants which come in physical contact 
with one another, that grass-legume competition is very important in 
younger stands, but is superseded by grass-legume coadaption in older 
stands, providing competitive exclusion does not occur (Turkington et 
al., 1977; Turkington and Cavers, 1979). Likewise, Harris and Thomas 
(1973) found that mutual exclusion was operating in the establishment 
year of binary mixtures of white clover with perennial and short-
rotation ryegrass. By the 2nd year, mutual exclusion was no longer 
evident. 
Future advances in grass-legume compatibility will come from a 
better understanding of the nature, mechanisms, and consequences of 
competition. Results of this study provide evidence that mixture compo­
nents may occupy a niche somewhat different than that occupied in mono­
culture. The exclusive niches occupied solely by reed canarygrass or a 
companion legume in mixture appear to increase in size through the 
establishment period, in agreement with other studies (Harris and Thomas 
(1973); Turkington and Cavers. (1979)). Future experiments should in­
clude treatments with different N levels applied to grass-legume mix­
tures. Putative factors limiting grass production which reside in the 
inclusive niche shared with the legume, such as irradiance, need to be 
separated from those which reside in the exclusive niche in which compe­
tition is primarily between grass plants, such as N. Whatever can be 
done through management and breeding efforts to increase the magnitude 
of the exclusive niche relative to that of the inclusive niche should 
increase the stability of grass-legume mixtures. 
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Data on leaf-to-stem ratio (LSR), legume IVDDM concentration, grass 
crude protein (CP) concentration, legume CP concentration, potato leaf-
hopper yellowing score, and number of nodes are presented (Tables A. 1-
A.4), but will not be discussed. Data on LSR were collected to comple­
ment data on legume IVDDM concentration, but no consistent trends were 
evident. Reed canarygrass and legume CP concentration data were col­
lected only at Harvest 1. These data closely paralleled the IVDDM data, 
so CP concentration was not determined at later harvests. Scores for 
potato leaf hopper yellowing were also collected only at Harvest 3. They 
do not relate to the rest of the experiment. Data on number of nodes 
were redundant to maturity scores at Harvests 7 and 8 when they were 
collected, possibly because differences between monocultures and mix­
tures for height and maturity score were not present at those harvests. 
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Table A. 1. Single degree-of-freedom contrasts for legume ^  vitro 
digestible dry matter concentration at eight harvests 
Harvest Number and Year 
Contrast 
1 
-1982— 
3 
•1983— 
1 -1 
monoculture vs. monoculture 
Olympic Baker 
Norcen Dawn 
alfalfa birdsfoot trefoil 
mixture vs. mixture 
Olympic Baker 
Norcen Dawn 
alfalfa birdsfoot trefoil 
HSLW LSLW 
monoculture vs. mixture 
Olympic Olympic 
Baker Baker 
Norcen Norcen 
Dawn Dawn 
679 672 
669 664 
676 666 
695 717 
737 733, 
639 653 673 680 
678 672 593 608 
706 735 646 601 677 675 
696 703 693 700 637 637 665 673 
693 656 740 752 593 606+ 684 686 
699 674 697 746 637 600 669 685 
692 682 721 721 621 616 682 672* 
679 696 695 693 639 637 673 665 
672 703"^ 717 700+ 653 637+ 680 673 
669 693 737 740 593 593 678 684 
664 656 733 752+ 608 606 672 686+ 
Harvest Number and Year 
Contrast 
5 6 8 
--1985-
monoculture vs. monoculture 
, -1 
Olympic Baker 631 638 682 
730** 
669 686 597 621 
Norcen Dawn 633 623 678 764 688 676 
alfalfa birdsfoot trefoil 635 628 686 704 678 609 682 
Lxture vs . mixture 
Olympic Baker 621 664 
5: 
674 675 605 607 
Norcen Dawn 636 662 770 667 652 
alfalfa birdsfoot trefoil 623 619 665 675 606 66a 
HSLW LSLW 616 626 675 673 722 720 632 633 
>noculture vs. mixture 
Olympic Olympic 631 621 682 664* 669 674 597 605 
Baker Baker 638 626 690 666 686 675 621 607 
Norcen Norcen 633 636 678 
fS* 
764 770 688 667 
Dawn Dawn 623 602 730 755 764 676 652" 
** 
** 
^Significantly different at p<0.10. 
** 
Significantly different at p<0.05. 
Significantly different at p<0.01. 
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Table A.2. Single degree-of-freedom contrasts for legume leaf-to-stem 
ratio at the last six harvests 
Harvest Number and Year 
3 4 5 
Contrast 1983 1984 
monoculture vs. monoculture 
Olympic Baker 
Norcen Dawn 
alfalfa birdsfoot trefoil 
mixture vs. mixture 
Olympic Baker 
Norcen Dawn 
alfalfa birdsfoot trefoil 
HSLW LSLW 
monoculture vs. mixture 
Olympic Olympic 
Baker Baker 
Norcen Norcen 
Dawn Dawn 
1.59 1.67 
1.24 1.33. 
1.63 1.29 
** 
1.61 1-50 
1.03 1.15 
1.56 1.09 
1.35 1.30 
1.59 1.61 
1.67 1.50 
1.24 1.03 
1.33 1.15"* 
** 
1.53 1.80' 
2.01 1.76 
1.67 1.89* 
1.46 1.54 
1.96 1.69 
1.50 1.82 
1.67 1.65 
** 
** 
1.53 1.46 
1.80 1.54 
2.01 1.96 
1.76 1.69 
0.55 0.56 
0.55 0.50 
0.55 0.52 
0.48 0.55* 
0.65 0.53 
0.51 0.59 
0.54 0.56 
** 
0.55 0.48+ 
0.56 0.55 
0.55 0-65 
0.50 0.53 
Contrast 
Harvest Number and Year 
8 
———1985—— 
monoculture vs. monoculture 
Olympic Baker 0.89 
Norcen Dawn 0.88 
alfalfa birdsfoot trefoil 0.91 
mixture vs. mixture 
Olymp ic Baker 0.86 
Norcen Dawn 0.95 
alfalfa birdsfoot trefoil 0.92 
HSLW LSLW 0.95 
monoculture vs. mixture 
Olympic Olympic 0.89 
Baker Baker 0.94 
Norcen Norcen 0.88 
Dawn Dawn 1.27 
0-94 
1.27 
1.07' 
** 
0.97^ 
1.12, 
1.04 
1.00 
0.86 
0.97 
0.95 
1.12"* 
1.38 
3.55 
1.47 
3.02 
1.42 3.29 ** 
1.38 
4.84 
1.41 
2.74 
1.38 
1.47 
3.55 
3.02 
1.44. 
3.76 
4.30 
2.97 
** 
** 
1.38 
1-44 
4-84 
3.76' 
** 
0.88 
1.32 
0.84 
0.78 
1.24 
0.79 
0.98 
0.88 
0 .81  
1.32 
1.13 
0.81 
1.13. 
1.23 ** 
0.79 
1-03 
1-13 
0.95 
** 
** 
0.78 
0.79 
1-24 
1.03 
^Significantly different at p<0.10. 
Significantly different at p<0.05-
Significantly different at p<0-01. 
** 
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Table A.3. Single degree-of-freedom contrasts for legume crude protein 
(CP) concentration at Harvest 1, potato leafhopper yellowing 
score (PLH) at Harvest 3, and number of nodes (NN) at 
Harvests 7 and 8 
Harvest 1 Harvest 3 Harvest 7 Harvest 8 
Contrast CP PLH NN NN 
-g kg~^— -1 to 9^- nodes stem~^nodes stem"^ 
monoculture vs. monoculture 
Olynçic Baker 213 217 7 .0 6 .5 15.1 15.3 16.1 16.7 
Norcen Dawn 200 212 13.3 
ïsiï** 
15.0 
alfalfa birdsfoot 215 206 15.2 16.4 
trefoil 
mixture vs. mixture 
.2** 17.7** Olympic Baker 221 233+ 6 .7 5 14.7 15.6* 16.1 
Norcen Dawn 209 13.7 14.9 14.6 
alfalfa birdsfoot 227 15.1 16.9 14.7 
trefoil 
HSLW LSLW 216 214 14.2 14.2 15.9 15.8 
monoculture vs. mixture 
Olympic Olympic 213 221 7 .0 6 .7. 15.1 14.7 16.1 16.1^ 
Baker Baker 217 233+ 6 .5 5, .2 15.3 15.6 16.7 17.7 
Norcen Norcen 200 209 13.2 13.7 15.0 14.9 
Dawn Dawn 212 198 13.1 12.9 14.9 14.6 
"^1=^10 yellowing, 9=severe yellowing. 
^Significantly different at p<0.10. 
^^Significantly different at p<0.05. 
Significantly different at p<0.01. 
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Table A.4. Reed canarygrass crude protein concentration at Harvest 1 
Contrast Harvest 1 
—g kg"l-
monoculture vs. monoculture 
HSLW LSLW 122 138 
mixture vs . mixture 
Olympic Baker 169 156 
Norcen Dawn 137 125" 
alfalfa birdsfoot trefoil 163 131 
HSLW LSLW 149 145 
monoculture vs. mixture 
Olympic 130 169' 
Baker 130 156 
Norcen 130 137 
Dawn 130 125 
^^Significantly different at p<0.10. 
Significantly different at p<0.01. 
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PART II. COMPATIBILITY OF FOURTEEN REED CANARYGRASS 
CLONES WITH ALFALFA AND BIRDSFOOT TREFOIL 
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ABSTRACT 
An ideal perennial grass-legume mixture has an intermediate botani­
cal composition. Competitive exclusion of one component by the other, 
however, is a common problem. Fourteen reed canarygrass (Phalaris 
arundinacea L.) clones, exhibiting a range for morphological and physio­
logical traits, were grown in alternate-plant binary mixture with 
'Olympic' and 'Baker' alfalfa (Medicago sativa L.) and 'Norcen' and 
'Dawn' birdsfoot trefoil (Lotus corniculatus L.) under a 3-cut per year 
management. Our objectives were to 1) describe changes in botanical 
composition of the mixtures over time, 2) test for interaction between 
reed canarygrass clones and legume cultivars for dry-matter yield (DMY), 
botanical composition, and reed canarygrass and legume yield components, 
3) determine the relative importance of reed canarygrass and legume 
yield components, and 4) characterize the changing relationship between 
the yielding abilities of reed canarygrass and companion legumes over 
time. Alfalfa and birdsfoot trefoil percentages increased from 26.6% 
and 15.9%, respectively, at Harvest 1, to 93.7% and 85.6%, respectively, 
at Harvest 7. Ranks for botanical composition among reed canarygrass 
clonal mixtures stabilized by Harvest 2. Interaction between reed 
canarygrass clones and legume cultivars generally did not accompany 
significance of main effects. Reed canarygrass tiller density and 
legume stem density were generally more important yield components than 
tiller weight and stem weight. The correlation between legume yield 
components declined from slightly positive to highly negative over time. 
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A negative relationship between reed canarygrass DMY and legume DMY was 
always present. At early harvests, when reed canarygrass was dominant, 
increases in reed canarygrass DMY among clonal mixtures were greater 
than associated reductions in legume DMY. At late harvests, when le­
gumes were dominant, increases in legume DMY among clonal mixtures 
tended to be greater than associated reductions in reed canarygrass DMY. 
Thus, suppression (defined as DMY reduction of a given component per 
unit DMY of its conçetitor) of the dominant component exceeded suppres­
sion of the dominated component. 
Additional index words: Competition, Grass-legume mixtures, Lotus 
comiculatus L., Medicago sativa L., Path coefficients, Phalaris 
arundinacea L. 
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INTRODUCTION 
An ideal perennial grass-legume mixture exhibits high dry-matter 
yields (DMY) of both components. Desired botanical composition is 
intermediate, to preclude competitive exclusion of one component by the 
other, yet seasonally-oscillating, allowing maximal production during 
the peak growth periods of each species. If a viable mixture is desired 
rather than simply a cover crop, persistence is essential (Camlin, 
1981). 
Canopy morphology and its interaction with cutting frequency are 
considered inçortant determinants of grass DMY in monoculture (Rhodes, 
1971b). A high irradiance extinction coefficient within the plant 
canopy and considerable leaf area below the cutting height are desirable 
for frequent cutting. A low extinction coefficient and a large leaf 
area above the cutting height are desirable for infrequent cutting. 
Tall fescue (Festuca arundinacea Schreb.) genotypes corresponding to 
Rhodes' ideotypes for frequent cutting and infrequent cutting, named low 
yield per tiller (LYT) and high yield per tiller (HYT), depend on resid­
ual leaf area and stem base carbohydrates, respectively, for initiation 
of regrowth (Zarrough et al., 1983a). 
Negative correlations between DMY at early harvests of a stand and 
persistence have been reported in perennial ryegrass (Lolium perenne L.) 
monoculture (Rhodes, 1975) and in white clover (Trifolium repens L.) 
grown with perennial ryegrass (Baines et al., 1983). Experiments with 
the tall fescue HYT genotype have been too short in duration to assess 
its persistence. 
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Mixtures of HYT and medium yield per tiller genotypes with 'Empire' 
birdsfoot trefoil (Lotus comiculatus L.) supported higher birdsfoot 
trefoil stem density and DMY than LYT mixtures (Zarrough et al., 1983a). 
When grown with birdsfoot trefoil under infrequent cutting, tall fescue 
genotypes with high leaf-area-expansion rate and the associated trait of 
low tiller production were less competitive for irradiance than geno­
types with low leaf-area-expansion rate and high tiller production 
(Hasson and Nelson, 1984). This work implies that HYT maximizes both 
grass and legume DMY in infrequently cut mixtures. 
Pederson (1985) found significant main effects among tall fescue 
and white clover cultivars grown in mixture for DMY in the seedling year 
without an interaction between tall fescue and white clover cultivars. 
In Part I we measured reed canarygrass DMY, legume DMY, total DMY, and 
botanical composition in mixtures of divergent specific leaf weight 
populations of reed canarygrass (Phalaris arundinacea L.) with cultivars 
of alfalfa (Medicago sativa L.) and birdsfoot trefoil with contrasting 
growth characteristics. No interactions between reed canarygrass popu­
lations and legume cultivars were detected. 
We were interested in measuring the ability of 14 reed canarygrass 
clones with a range for morphological and physiological traits to com­
pete with cultivars of alfalfa and birdsfoot trefoil chosen for con­
trasting growth characteristics. We had four specific objectives: 1) to 
describe changes in botanical composition of the mixtures over time, 2) 
to determine if reed canarygrass clones interact with legume cultivars 
in mixtures for DMY and botanical composition, 3) to compare the impor-
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tance of yield components of reed canary grass and legumes in monocul­
ture and in mixture, and 4) to quantify the negative relationship be­
tween reed canarygrass and legume DMY in mixture. 
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MATERIALS AND METHODS 
Fourteen reed canarygrass clones, exhibiting a range for morpholog­
ical and physiological traits, and two cultivars each of alfalfa and 
birdsfoot trefoil with contrasting growth characteristics, were grown in 
two culture types, monoculture and binary grass-legume mixture. Legume 
cultivars were Olympic and Baker alfalfa, which exhibit fast and slow 
regrowth after cutting, respectively, and Norcen and Dawn birdsfoot 
trefoil, which exhibit semi-erect and prostrate growth habits, respec­
tively. 
Field Procedures 
Reed canarygrass vegetative propagules and legume seedlings were 
started in peat pots in a greenhouse. After clipping, they were trans­
planted to a field at the Agronomy Research Center, 13 km west of Ames, 
Iowa during 17 to 20 August 1982. The experiment was located on Webster 
silty clay loam (fine-loamy, mixed, mesic Typic Haplaquolls) and Harps 
clay loam (fine-loany, mesic Typic Calciaquolls) soils. The experiment 
consisted of three replicates of 78 plots arranged in a randomized 
complete block design. These included 14 reed canarygrass, 4 alfalfa, 
and 4 birdsfoot trefoil monocultures and 28 alfalfa-reed canarygrass and 
28 birdsfoot trefoil-reed canarygrass mixtures. Each legume monoculture 
entry was present twice in each replicate. 
Plots consisted of 16 plants spaced 0.10 m apart in a 4 x 4 grid. 
Transplants in the mixture plots were placed in an alternate reed ca-
narygrass-legume arrangement. Plots were cornered with four stakes and 
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surrounded by a border 0.25 m in width. The border was seeded with the 
same species as in the plot, using the four legume cultivars and 
'Vantage' reed canary grass. Equal parts of pure live seed of each of 
the two components were sown at transplanting. Perpendicular 0.69-m 
wide strips of 'Kentucky 31' tall fescue were planted in rows between 
plots for the length and width of the experiment. Dead transplants were 
replaced through 15 Sept. 1982. 
Harvest dates were 1) 8 June, 2) 26 July, and 3) 9 Sept. 1983; 4) 
15 June, 5) 27 July, and 6) 28 Sept., 1984; and 7) 7 June 1985. All 
harvesting was with hand sickles at an 80-mm cutting height. Nitrogen 
applications of 18 kg ha~^ were made to reed canarygrass monocultures on 
30 April, 14 June, and 28 July 1983; 2 May, 29 June, and 1 Aug. 1984; 
and 24 April 1985. Uniform applications of 0.20 Mg K2O ha~^, and 0.11 
Mg ^2^5 0.25 Mg K2O ha~^ were made on 15 June 1983 and 3 July 1984, 
respectively. Malathion was applied at the rate of 1.75 L ha~^ on 17 
Aug. 1983 and 23 July 1984 for control of potato leafhoppers (Empoasca 
fabae (Harris)). Plots were hand weeded as necessary. 
At harvest, reed canarygrass and legume components of mixtures were 
separated. After drying at 60°C, DMÏ of reed canarygrass and legume was 
recorded. Legume stems were counted at all harvests. Reed canarygrass 
tillers, however, were counted only at Harvests 1, 2, 4, and 5 because 
many tillers at Harvests 3, 6, and 7 did not exceed the 80-mm cutting 
height. 
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Statistical Procedures 
Though the number of transplants per plot was fixed at the begin­
ning of the experiment, subsequent legume stand loss introduced varia­
bility. Alternate freezing and thawing in the spring of 1983 heaved 
legume plants. Also, unidentified animals damaged alfalfa plots in May, 
1983, 3 weeks before Harvest 1. Counts of productive legume plants per 
plot were taken on 12 Oct- 1983. With these data, separate covariate 
corrections for legume stand were calculated for each trait in alfalfa 
monoculture, alfalfa mixture, birdsfoot trefoil monoculture, and birds-
foot trefoil mixture. 
The Norcen model predicted legume percentage with clone and season 
as intercepts and harvest number linear within clones and harvest number 
quadratic as slopes. Thus, this model had 14 clone x 3 season = 42 
intercepts, 14 linear slopes, and a single quadratic slope. The Dawn 
model predicted legume percentage with clone x season combinations as 
intercepts and harvest number linear and harvest number quadratic within 
clones as slopes. This model had 42 Intercepts, a single linear slope, 
and 14 quadratic slopes. Least-squares intercepts estimated initial 
harvest values adjusted for seasons. Because of the damage to alfalfa, 
linear model parameters were not estimated for the alfalfa data set. 
Spearman rank correlation coefficients were calculated among harvests 
across all four legume cultivars according to Steel and Torrie (1980). 
Path coefficients were calculated according to Li (1975). The 
paths used to explain reed canarygrass DMY were tiller density, tiller 
weight, and their correlation. The paths used to explain legume DMY 
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were stem density, stem weight, and their correlation. There were many 
exançles of heterogeneity of reed canarygrass path coefficients across 
culture types, legume species and cultivars, and harvests. Separate 
coefficients were calculated for combinations of these groups. Tests 
for a significant difference between path coefficients were made under 
the assumption that they were normally distributed. The four legume 
cultivars were analyzed separately for changes in legume path and corre­
lation coefficients over time (harvests). In this regard, the harvest 
effect was partitioned into harvest number linear, season, and lack-of-
fit terms. 
The regression coefficient of legume DMY on reed canarygrass DMY 
was estimated and tested for difference from -1.0 in seven data sets 
corresponding to each harvest and three data sets corresponding to 
alfalfa, Norcen, and Dawn totalled over all harvests. Tests were also 
made to determine if deviations in legume DMY, remaining after fitting 
reed canarygrass DMY, could be explained by the 14 reed canarygrass 
clones. In this regard, legume DMY least-squares (LS) means, corrected 
to average reed canarygrass DMY, were calculated for the 14 reed canary­
grass clones. The least significant difference (LSDq q^) among LS means 
at each harvest was calculated by averaging the standard errors for each 
LS mean and multiplying this mean by the appropriate value of 1.414*t-
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RESULTS 
Stand loss was greater in alfalfa monoculture (30%) than in mixture 
(16%). Stand loss in birdsfoot trefoil monoculture (8%) and mixture 
(5%) was minor and not associated with animal damage. Olympic monocul­
tures produced more DMY than Baker monocultures in 1983 (p < 0.10), but 
differences were nonsignificant (p > 0.10) in 1984 and 1985 (Table 1). 
Olympic and Baker mixtures, however, produced similar (p > 0.05) reed 
canarygrass DMY, alfalfa DMY, and total DMY at all seven harvests (Table 
2). Baker had lower stem weight (p < 0.10) than Olympic twice in 
monoculture and three times in mixture, but stem density differences 
were significant (p < 0.10) only once in each culture type (Tables 1, 
3). Norcen often outyielded Dawn at summer harvests and Dawn often 
outyielded Norcen at fall harvests in both culture types (Tables 1, 2). 
Totalled over all harvests, Norcen and Dawn monocultures did not sig­
nificantly differ (p > 0.10) in DMY (Table 1). In mixtures, however, 
Norcen produced significantly more birdsfoot trefoil DMY (p < 0.01), 
less reed canarygrass DMY (p < 0.05), and more total DMY (p < 0.01) than 
Dawn (Table 2). When differences were significant, Norcen had lower 
stem density but higher stem weight than Dawn (Tables 1, 4). Reed 
canarygrass DMY declined over time in both culture types (Tables 2, 5). 
Linear Model of Changes in Botanical Composition over Time 
Legume percentage of alfalfa and birdsfoot trefoil mixtures in­
creased at similar rates (Figs. 1-3). Mixtures of reed canarygrass 
clones 16-7 and 50-1 generally showed lower legume percentages than 
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Table 1. Dry-matter yield, stem density, and stem weight of mono­
cultures of contrasting cultivars of alfalfa and birdsfoot 
trefoil at seven harvests 
Harvest Number and Year 
1 2 
-—1983— 
3 4 5 
-1984 
6 7 
-1985-
Total^ 
—83—85— 
Dry-Matter Yield 
——Mg ha ^ — — .1— 
Olympic 
Baker 
3.46 
2.38+ 
5.11 
3.68+ 
2.81 
4.18 
7.90 
7.51 
3.60 
3.57 
4.85 
4.78 
31.4 
28.7 
Norcen 
Dawn 
4.48 
3.54 
10.16 
10.09 
4.87 
4.68 
2.19 
2,62+ 
6.05 
5.98 
36.6 
35.9 
Stem Density 
— — - stems m —• 
Olympic 
Baker 
385 
367 
630 
703 
698 
623 
607 
598 
646 
661 
516 
495 
312 
379+ 
Norcen 
Dawn 
1698 
1575 
2516*. 
3883 
1388 
1197 
1776 
1886 
2260 
2765 
1341 
1446 
Stem Weight 
stem"^— 
0.53 
0.72 
Olympic 
Baker 
0.84 
0.68 
g 
g::- 1.23 1.18 
0.70 
0.81 
1.54 
1.31 
Norcen 
Dawn 
0.30 
0.23 
0.15 
0.14 
0.36 
0.43 
0.34 
0.20 
0.10 
0.10 
0.46 
0.43 
'^The standard errors of mean total dry-matter yield were 1.4 and 
1.0 for alfalfa and birdsfoot trefoil monocultures, respectively. 
^^Contrasting cultivars significantly different at p<0.10. 
Contrasting cultivars significantly different at p<0.01. 
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Table 2. Reed canarygrass, legume, and total dry-matter yield of 
mixtures of contrasting cultivars of alfalfa and birdsfoot 
trefoil and 14 reed canarygrass clones at seven harvests 
Harvest Number and Year 
Ï 2 3 4 5 6 7 Total^ 
———1983—————— 1984————————— —1985— —83—85— 
Cultivar Reed Canarygrass Dry-Matter Yield 
— — —  
Mg ha"l ——— 
Olympic 
Baker 
5.05 
5.21 
3.71 
3.85 
1.58 
1.82 
1.55 
1.70 
0.63 
0.72 
0.20 
0.28 
0.26 
0.39+ 
13.0 
14.0 
Norcen 
Dawn 
5.83 
5.93 
3.93 
4.12 
1.66 
1.82 
1.42 
1.34 
0.71 
0.67 
0.39 
0.38 
0.59 
0.60 
14.5* 
14.9 
Legume Dry-Matter Yield 
Mg ha ^ 
Olympic 
Baker 
1.65 
1.79 
1.55 
1.58 
1.73 
1.47 
3.65 
3.49 
4.61 
4.16 
2.46 
2.37 
5.23 
5.09 
20.9 
20.0 
Norcen 
Dawn 
1.20 
0.80 
2.03 
2.09 
2.66 
2.48 
2.93 
2.41+ 
1.79 
2.21+ 
3.68 
3.90 
Total Dry-Matter Yield 
Mg ha"l 
Olympic 
Baker 
6.71 
6.99 
5.26 
5.43 
3.31 
3.29 
5.20 
5.19 
5.24 
4.88 
2.66 
2.65 
5.49 
5.47 
33.9 
33.9 
Norcen 
Dawn 
7.03 
6.73 
6.93 
6.42 
3.70 
3.92 
4.07+ 
3.82 
3.64_ 
3.07 
2.18 
2.58 
4.27 
4.50 
"^The standard errors of mean total reed canarygrass, alfalfa, and 
total dry-matter yield in alfalfa mixtures were 0.4, 0.7, and 0.6, re­
spectively. The standard errors of mean total reed canarygrass, al­
falfa, and total dry-matter yield in birdsfoot trefoil mixtures were 
0.4, g.4, and 0.4, respectively. 
^^Contrasting cultivars significantly different at p<0.05. 
Contrasting cultivars significantly different at p<0.01. 
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Table 3. legume stem density and stem weight and reed canarygrass 
tiller density and tiller weight of mixtures of contrasting 
cultivars of alfalfa and 14 reed canarygrass clones at seven 
harvests 
Harvest Number and Year 
1 2 3 4 5 6 7 
Cultivar Stem Density 
Olympic 219 261 328 317 413 529 339 
Baker 238 316 361 351 404 609+ 358 
Stem Weight 
-1 
Olympic 0.74 0.59 0.52 1.16 1.16 0.49 1.55 
Baker 0.74 0.50+ 0.40 0.98 1.13 0.40 1.42+ 
Tiller Density 
Olympic 424 742 . 319 295 . 
Baker 458 754 . 335 356 
Tiller Weight 
Olympic 1.23 0.52 . 0-51 0.22 
Baker 1.18 0.53 . 0.53 0.22 
^Contrasting cultivars significantly different at p<0.10. 
Contrasting cultivars significantly different at p<0.05. 
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Table 4. Legume stem density and stem weight and reed canarygrass 
tiller density and tiller weight of mixtures of contrasting 
cultivars of birdsfoot trefoil and 14 reed canarygrass clones 
at seven harvests 
Harvest Number and Year 
1 2 3 4 5 6 7 
Cultivar Stem Density 
Norcen 417 928 1131 690 915 1355 1095 
Dawn 389 1002+ 1295 747 1128 1601 1177 
Stem Weight 
-1 
Norcen 0.28 0.33 0.18 0.38 0.33 0.15 0.34 
Dawn 0.20 0.23 0.16+ 0.33+ 0.23 0.15 0.33 
Tiller Density 
Norcen 488 788 . 368 361 
Dawn 520 842 . 365 425 
Tiller Weight 
Norcen 1.27 0.51 . 0.41 0.21 
Dawn 1.14 0.50 . 0.38 0.17+ 
^Contrasting cultivars significantly different at p<0.10. 
Contrasting cultivars significantly different at p<0.05. 
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Table 5. Dry-matter yield, tiller density, and tiller weight of mono­
cultures of 14 reed canarygrass clones at seven harvests 
Harvest Ninnber and Year 
"1 2 3 4 5 6 7 TÔtâP 
————————1983——————— —————————1984———————— —1985— —83—85— 
Dry-Matter Yield 
8.49** 4.93** 2.25 2.57* 1.29** 0.78** 1.13** 21.4** 
Tiller Density 
719** 1093** . 602** 775* 
Tiller Weight 
1.19** 0.46** . 0.44** 0.18 
^The standard error of mean total dry-matter yield was 1.9. 
Clones significantly different at p<0.05. 
Clones significantly different at p<0.01. 
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Figure 1. Botanical composition of mixtures of 'Olympic' and 'Baker' 
alfalfa with 14 reed canarygrass clones at seven harvest?-
Two reed canarygrass clones are identified within the figur 
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Figure 2. Botanical composition of mixtures of 'Norcen* birdsfoot 
trefoil with 14 reed canarygrass clones at seven harvests. 
Two reed canarygrass clones are identified within the figure 
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Figure 3. Botanical composition of mixtures of 'Dawn' birdsfoot trefoil 
with 14 reed canarygrass clones at seven harvests. Two reet 
canarygrass clones are identified within the figure 
94 
mixtures of the other 12 clones. At Harvest 7, mixtures including 16-7 
and 50-1 most nearly met the requirement of intermediate botanical 
composition for an ideal mixture. 
In contrast to results in Part I, legume percentage of alfalfa 
mixtures did not increase from Harvest 1 to 2 (Fig. 1). This may have 
been related to stand damage sustained by defoliation twice within a 3-
week period early in the spring, first by animals and again at Harvest 
1. Thus, linear model parameters were not estimated for the alfalfa 
data set. The effect of harvest on legume percentage interacted with 
birdsfoot trefoil cultivars. Thus, separate models were developed for 
Norcen and Dawn. The models chosen for the Norcen and Dawn data sets 
were determined by analysis of variance of legume percentage. Analysis 
of variance effects were reed canarygrass clone, harvest, and their 
interaction. Harvest and clone x harvest effects were partitioned into 
harvest number linear, harvest number quadratic, season (spring, summer, 
fall), and lack-of-fit terms. We decided a priori that only effects 
significant (p < 0.10) in the analysis would be used in the linear 
models. All these effects, however, were significant at p < 0.01. 
In the Norcen data set, the intercept for summer was greater than 
those for spring and fall, indicating that legume percentage was greater 
at summer harvests (Table 6). In the Dawn data set, the three season 
intercepts were not significantly different (p > 0.10) (Table 7). Based 
upon these estimates, botanical composition in established reed canary-
grass-Dawn mixtures would be expected to show less oscillation with 
season than botanical composition in reed canarygrass-Norcen mixtures. 
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Table 6. Intercepts of reed canarygrass clones and seasons, linear 
slopes of harvest number within clones, and quadratic slope 
of harvest number for a linear model of changes in botanical 
composition of 'Norcen' mixtures over time 
Clone Spring Summer Fall Overall Linear Quadratic 
—— — % legume— —— — 
6-3 25.7 31.9 27.2 28.3 18.6 -1.38 
15-1 23.4 29.6 25.0 26.0 17.9 -1.38 
16-7 3.4 9.6 4.9 6.0 20.3 -1.38 
37-1 16.2 22.4 17.7 18.8 19.5 -1.38 
47-2 17.0 23.1 18.5 19.5 19.0 -1.38 
48-5 25.1 31.3 26.6 27.7 19.5 -1.38 
14-5 11.2 17.4 12.8 13.8 20.2 -1.38 
28-2 19.6 25.8 21.1 22.2 19.5 -1.38 
50-1 9.9 16.1 11.4 12.5 18.6 -1.38 
64-2 22.8 28.9 24.3 25.3 20.3 -1.38 
2-1 7.7 13.8 9.2 10.2 22.7 -1.38 
12-6 33.6 39.8 35.2 36.2 18.1 -1.38 
19-6 22.7 28.8 24.2 25.2 18.6 -1.38 
31-2 25.3 31.5 26.8 27.9 17.8 -1.38 
s.e 3.8 3.9 4.0 3.8 1.5 0.18 
Mean 18.8 25.0 20.4 21.4 19.3 
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Table 7. Intercepts of reed canarygrass clone x season combinations, 
linear slope of harvest number, and quadratic slopes of 
harvest mnnber within clones for a linear model of changes 
in botanical composition of 'Dawn' mixtures over time 
Intercept Slope 
Clone Spring Fall Overall Linear Quadratic 
6—3 11.7 17.0 20.0 16.2 22.1 -1.78 
15-1 22.2 19.1 20.1 20.5 22.1 -1.65 
16-7 7.6 12.9 19.4 13.3 22.1 -1.82 
37-1 14.9 13.2 16.4 14.8 22.1 -1.73 
47-2 12.4 15.6 9.3 12.4 22.1 -1.50 
48-5 13.3 17.6 20.4 17.1 22.1 -1.58 
14-5 17.0 14.7 14.2 15.3 22.1 -1.79 
28-2 15.8 15.7 13.6 15.0 22.1 -1.81 
50-1 1.8 —0 « 8 -3.5 -0.9 22.1 -1.73 
64-2 14.4 23.7 18.1 18.7 22.1 -1.50 
2-1 8.4 21.4 23.5 17.7 22.1 -1.45 
12-6 18.1 18.5 23.6 20.0 22.1 -1.49 
19-6 16.5 19.7 19.9 18.7 22.1 -1.67 
31-2 8.2 13.5 7.6 9.8 22.1 -1.67 
s.e. 4.0 4.2 4.6 3.1 1.1 0.24 
Mean 13.0 15.8 15.9 14.9 -1.66 
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In the Norcen data set, reed canarygrass clones 16-7 and 50-1 had the 
lowest and third lowest intercepts (Table 6). However, the harvest 
number linear slopes of clones 16-7 and 50-1 were high and intermediate, 
respectively. In the Dawn data set (Table 6), clone 50-1 had the lowest 
intercept and a highly negative harvest number quadratic slope. Clone 
16-7 had the third lowest intercept and a highly negative harvest number 
quadratic slope. 
Correlations for the Norcen data set between overall clone inter­
cept and Harvest 7 legume percentage and total legume percentage were 
0.57 (p < 0.05) and 0.94 (p < 0.01), respectively. Correlations for the 
Norcen data set between harvest number linear slope and Harvest 7 legume 
percentage and total legume percentage were not significant (p > 0.10). 
Correlations for the Dawn data set between overall clone intercept and 
Harvest 7 legume percentage and total legume percentage were 0.84 (p < 
0.01) and 0.94 (p < 0.01), respectively. Correlations for the Dawn data 
set between harvest number quadratic slope and Harvest 7 legume percent­
age and total legume percentage were 0.64 (p < 0.05) and 0.49 (p < 0.10) 
respectively. Thus, botanical composition was more closely related to 
clcae intercept than to harvest number slope. 
The clone x harvest effect for legume percentage did not interact with 
legume species or alfalfa or birdsfoot trefoil cultivar, so correla­
tions among harvests for rank of reed canarygrass clones for legume 
percentage were calculated across all four cultivars. Rank of legume 
percentage at Harvest 1 had little predictive value for later harvests 
(Table 8). Rank of legume percentage at Harvest 2 was highly correlated 
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Table 8. Spearman rank correlation coefficients for legume percentage 
between harvests over 'Olympic' and 'Baker' alfalfa and 
'Norcen' and 'Dawn' birdsfoot trefoil 
Harvest 2 Harvest 3 Harvest 4 Harvest 5 Harvest 6 Harvest 7 
Harvest 1 0.56* 0.41 
0.81 
0.25+ 0.28 0.39 
Harvest 2 B: 
2:5: 
0.72 
Harvest 3 0.92 
Harvest 4 0.79' 
Harvest 5 0.91 
Harvest 6 0.94' 
^^Significantly different from 0 at p<0.05. 
Significantly different from 0 at p<0.01. 
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with rank at Harvest 7. However, these correlation coefficients are 
probably inflated because of likely positive covariances between legume 
percentages measured on the same plot at different harvests. Still, the 
homogeneity of the clone x harvest interaction across legume species and 
cultivars indicates that a single legume cultivar may be sufficient for 
testing legume compatibility. 
Reed Canarygrass Clone x Legume Cultivar Factorial Analysis 
Olympic and Baker mixtures rarely differed significantly (p < 0.10) 
in reed canarygrass DMY, legume DMÏ, total DMY, botanical composition, 
tiller density, tiller weight, stem density, or stem weight, but signif­
icant differences (p < 0.10) among reed canarygrass clones were usually 
present (Tables 9, 10). The reed canarygrass clone x alfalfa cultivar 
interaction was significant (p < 0.05) only for stem density at Harvest 
6 and stem weight at Harvest 2. This low incidence of interaction was 
expected based upon the general nonsignificance of the alfalfa cultivar 
main effects. 
Significant differences (p < 0.10) between Norcen and Dawn were 
much more frequent than between Olympic and Baker (Tables 11, 12). 
Significant differences (p < 0.10) were more common for birdsfoot tre­
foil—related traits than for reed canarygrass-related traits. As in the 
alfalfa mixtures, significant differences (p < 0.10) among reed canary-
grass clones were usually present. Totalled over all seven harvests, 
with one exception both main effects were significant (p < 0.05) for 
reed canarygrass DMY, birdsfoot trefoil DMY, total DMY, and botanical 
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Table 9. Significance of reed canarygrass clone, alfalfa cultivar, 
and their interaction for reed canarygrass dry-matter yield 
(DMY), alfalfa DMY, total DMY, and botanical composition 
at seven harvests and totalled over all seven harvests 
Effect 
Clone Cultivar Interaction Clone Cultivar Interaction 
Reed Canarygrass DMY Alfalfa DMY 
Harvest 1 ** ** 
Harvest 2 ** ** 
Harvest 3 ** * 
Harvest 4 * * 
Harvest 5 ** 
Harvest 6 ** 
Harvest 7 ** + 
Total ** * 
Total DMY Botanical Composition 
Harvest 1 * ** 
Harvest 2 ** ** 
Harvest 3 + ** 
Harvest 4 ** 
Harvest 5 ** + 
Harvest 6 ** + + 
Harvest 7 ** + 
Total ** 
^Effect significant at p<0.10. 
^^Effect significant at p<0.05. 
Effect significant at p<0.01. 
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Table 10. Significance of reed canarygrass clone, alfalfa cultivar, and 
their interaction for reed canary grass tiller density and 
tiller weight at Harvests I, 2, 4, and 5 and alfalfa stem 
density and stem weight at seven harvests 
Effect 
Clone Cultivar Interaction Clone Cultivar Interaction 
Tiller Density Tiller Weight 
Harvest 1 ** ** 
Harvest 2 ** ** 
Harvest 4 ** ** 
Harvest 5 ** ** 
Stem Density Stem Weight 
Harvest 1 + + 
Harvest 2 + ** + * 
Harvest 3 ** * 
Harvest 4 ** 
Harvest 5 + + 
Harvest 6 + * 
Harvest 7 + + + 
^Effect significant at p<0.10. 
^^Effect significant at p<0.05. 
Effect significant at p<0.01. 
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Table 11. Significance of reed canarygrass clone, birdsfoct trefoil 
cultivar, and their interaction for reed canarygrass dry-
matter yield (DMY), birdsfoot trefoil DMY, total DMÏ, and 
botanical composition at seven harvests and totalled over 
all seven harvests 
Effect 
Clone Cultivar Interaction Clone Cultivar Interaction 
Reed Canarygrass DMY Birdsfoot Trefoil DMY 
Harvest 1 * ** * + 
Harvest 2 ** * ** + 
Harvest 3 * 
Harvest 4 + 
Harvest 5 ** + 
Harvest 6 ** + 
Harvest 7 ** * * 
Total ** * ** ** 
Total DMY Botanical Composition 
Harvest 1 * ** * 
Harvest 2 ** * * 
Harvest 3 + 
Harvest 4 * 
Harvest 5 * ** 
Harvest 6 ** + 
Harvest 7 * ** + 
Total ** ** ** 
^Effect significant at p<0.10. 
^^Effect significant at p<0.05. 
Effect significant at p<0.01. 
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Table 12. Significance of reed canarygrass clone, birdsfoot trefoil 
cultivar, and their interaction for reed canarygrass tiller 
density and tiller weight at Harvests 1, 2, 4, and 5 and 
birdsfoot trefoil stem density and stem weight at seven 
harvests 
Effect 
Clone Cultivar Interaction Clone Cultivar Interaction 
Tiller Density Tiller Weight 
Harvest 1 ** ** 
Harvest 2 ** ** 
Harvest 4 ** + 
Harvest 5 ** + ** + 
Stem Density Stem Weight 
Harvest 1 ** ** ** 
Harvest 2 * + * 
Harvest 3 + ** + 
Harvest 4 * * + 
Harvest 5 * ** 
Harvest 6 * 
Harvest 7 * 
^Effect significant at p<0.10. 
^^Effect significant at p<0.05. 
Effect significant at p<0.01. 
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composition. Interactions, however, were not significant (p > 0.10) in 
these four cases. The clone x birdsfoot trefoil cultivar interaction 
was significant (p < 0.05) only for legume DMÏ and total DMY at Harvest 
7. 
Path Analysis of Reed Canary grass and Legume Yield Components 
Reed canarygrass tiller density path coefficients were significant­
ly greater (p < 0.10) than tiller weight path coefficients at Harvests 
1, 2, and 5, except in two cases (Table 13). At Harvest 4, however, 
tiller weight tended to exceed tiller density in importance as a deter­
minant of reed canarygrass DMY. At Harvests 6 and 7, tiller density 
ty path coefficients probably would have been greater than tiller weight 
path coefficients, if they could have been measured, because of the low 
reed canarygrass DMY at these harvests. 
Path coefficients for the legume cultivars were estimated separate­
ly because their changes over time interacted with legume cultivar and 
we wished to quantify these changes. When differences were significant 
(p < 0.10), legimie stem density path coefficients tended to be greater 
than stem weight path coefficients in both species and both culture 
types (Tables 14, 15). Their correlation in mixture became increasing­
ly negative over time, but was less so at spring harvests than at summer 
or fall harvests (Fig. 4). When calculated over Norcen and Dawn, the 
harvest number linear regression of the correlation was significantly 
different (p < 0.01) between birdsfoot trefoil culture types (Fig. 5). 
In birdsfoot trefoil mixtures, the correlation between yield components 
fell from positive values at early harvests to negative values at late 
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Table 13. Reed canarygrass tiller density (TD) and tiller weight (TW) 
path coefficients and tiller density x tiller weight 
(TD X TW) correlation coefficients in monoculture and in 
mixture with 'Olympic* and 'Baker' alfalfa and 'Norcen' 
and 'Dawn' birdsfoot trefoil at Harvests 1, 2, 4, and 5 
Harvest Number and Year 
1 2 
1983 
4 5 
monocultures TD 
TW 
TD X TW -0.22 -0.38 
0.85 
0.94+ 
-0.42 -0.55 
r2 0.97 0.98 0.94 0.84 
Olympic mixtures TD 
TW 
TD X TW -0.35 -0.53 -0.58 -0.37 
r2 0.95 0.96 0.86 0.94 
Baker mixtures TD 
TW 
TD X TW -0.34 -0.50 
0.77 
0.88 
-0.41 
0.92 
0.82 
-0.44 
r2 0.88 0.93 0.81 0.86 
Norcen mixtures TD 
TW 
TD X TW -0.43 
1.031 
0.69 
-0.40 
0.92 
0.97 
-0.49 
0.92 
1.05 
-0.59 
r2 0.95 0.97 0.92 0.80 
Dawn mixtures TD 
TW 
TD X TW -0.42 -0.33 -0.54 -0.56 
r2 0.98 0.96 0.95 0.86 
^Path coefficients significantly different at p<0.10. 
^^Path coefficients significantly different at p<0.05. 
Path coefficients significantly different at p<0.01. 
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Table 14. Stem density (SD) and stem weight (SW) path coefficients and 
stem density x stem weight (SD x SW) correlation coefficients 
of 'Olympic* and 'Baker' alfalfa in monoculture and in mix­
ture with reed canarygrass at seven harvests 
Olympic 
mixtures 
Baker 
mixtures 
Harvest Number and Year 
1 2 3 4 5 6 7 
—1983- —1984- —1985—— 
SD 
SW 
0.81 
0.28 
0.70^ 
0.98 
0.83^ 
0.39 1:11** o.ll** 
0.59 
0-71+ 
X SW 0.59 0.07 • -0.33 0.25 -0.78 —0.60 0,17 
r2 0.99 1.00 1.00 0.99 0.99 1.00 1.00 
SD 
SW 
0.72 
0.65 
0.81 
0.82 
0.84 
1.01+ 
X SW 0.17 0.05 0.04 -0.26 —0.60 —0.60 -0.22 
r2 0.98 0.99 0.99 0.98 0.71 0.91 0.99 
SD 
l i h  
1.32 0.64 0.60 2.49 1.88 0.92 
SW 0.78 0.55 0.53 2.16+ 1.68 1.63 
X SW —0.88 -0.68 0.39 0.53 -0.92 —0.88 —0.86 
r2 0.98 0.94 1.00 0.99 0.97 0.83 0.94 
SD 
0:95** 
0.83 
SW 0.82 
X SW 0.22 0.02 0.18 0.13 -0.63 -0.31 -0.13 
r2 0.97 0.96 0.98 0.99 0.86 0.94 0.98 
^Path coefficients significantly different at p<0.10. 
^^Path coefficients significantly different at p<0.05. 
Path coefficients significantly different at p<0.01. 
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Table 15. Stem density (SD) and stem weight (SW) path coefficients and 
stem density x stem weight (SD x SW) correlation coefficients 
of 'Norcen' and 'Dawn' birdsfoot trefoil in monoculture and 
in mixture with reed canarygrass at seven harvests 
Harvest Number and Year 
1 2 3 4 5 6 7 
Norcen 
monocultures 
SD 
SD 
SW 
X SW 
1.68 
1.31+ 
-0.82 -0.77 -
0.83 1.94 
0.65 1.65 
0.09 -0.89 
1.40 
1.57 
-0.82 
1.20 
1.28 
—0 • 68 
0."54** 
—0.84 
r2 0.93 0.99 1.00 0.81 0.83 0.99 1.00 
mixtures 
SD 
SD 
SW 
X SW 
0.76 
0.40 
0.38 
0-93** 
0.60 
-0.25 
0.83 0.70 
0.50 0.68 
0.05 0.04 
1.09** 
0.86 
-0.53 -0.76 
0-9*** 
0.60 
-0.26 
r2 0.98 0.93 0.98 0.98 0.94 0.52 0.98 
Dawn 
monocultures 
SD 
SD 
SW 
X SW 
1.61 
1.27 
—0.80 
o.fs** 
-0.58 -
1.26 
1.12 
0.66 
2.01 
1.72 
-0.89 
0.78^ 
1.03 
-0.43 
1.71 
1.96 
-0.87 -0.81 
r2 0.93 1.00 0.98 0.85 0.99 0.93 0.99 
mixtures SD 
SW 
SD X SW 0.21 0.07 -0.09 -0.22 -0.79 -0.70 0.09 
0.98 0.97 0.98 0.98 0.76 0.91 0.99 
^Path coefficients significantly different at p<0.10. 
^^Path coefficients significantly different at p<0.05. 
Path coefficients significantly different at p<0.01. 
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Figure 4. Correlation coefficients between stem density and stem weight 
of a) 'Olympic' and b) 'Baker' alfalfa and c) 'Norcen' and 
d) 'Dawn' birdsfoot trefoil in mixture with 14 reed canary-
grass clones at seven harvests. Least-squares lines 
describing the decline of correlation coefficients over 
time for each legume cultivar are adjusted for season 
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Figure 5. Correlation coefficients between birdsfoot trefoil stem 
density and stem weight in monoculture and in mixture with 
14 reed canarygrass clones at seven harvests. Least-
squares lines describing the decline of correlation coef­
ficients over time for each legume cultivar are adjusted 
for season 
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harvests. Correlations in birdsfoot trefoil monocultures, however, were 
consistently negative through the course of the experiment. 
Linear Regression of Legume Yield on Reed Canarygrass Yield 
A negative relationship between reed canarygrass DMY and legume DMY 
was present at all seven harvests. Baines et al. (1983), instead, found 
no relationship between white clover DMY and DMY of six companion cool-
season grasses. The negative relationship between reed canarygrass and 
legume DMY in our study was nonhomogeneous among harvests, between 
legume species, and between Norcen and Dawn, but was homogeneous between 
Olympic and Baker. There was no interaction, however, between harvest 
and legume cultivar for their effects on this negative relationship. 
Thus, the strength of this negative relationship was described by esti­
mates of linear regression coefficients and deviations from the regres­
sion 1) for each harvest over legumes and 2) for alfalfa, Norcen, and 
Dawn over all harvests. 
Regression coefficients of legume DMY on reed canarygrass DMY were 
significantly less negative (p < 0.01) than -1.0 in 1983 (Table 16). 
The regression coefficients tended to become increasingly negative 
through 1985. When the birdsfoot trefoil data were analyzed alone, 
regression coefficients were significantly less negative (p < 0.01) than 
-1.0 in 1983, not significantly different (p > 0.10) from -1.0 in 1984, 
and significantly more negative (p < 0.05) more than -1.0 in the final 1985 
harvest (Table 17). These values (Table 17) may be more reliable than 
those including the alfalfa cultivars (Table 16) because of the stand 
Ill 
Table 16. Regression coefficients for legume dry-matter yield (DMY) 
regressed on reed canarygrass DMY and legume DMY least-
squares (LS) means (corrected for reed canarygrass DMY) of 
14 reed canarygrass clones calculated over 'Olympic* and 
'Baker* alfalfa and *Norcen* and 'Dawn* birdsfoot trefoil 
at seven harvests 
Harvest Number and Year 
1 2 3 4 5 6 7 
Regression Coefficients 
-0.20** -0.30** -0.51** -1.33+ -1.53 -1.21 -1.85 
Clone Legume DMY LS Means 
Mg ha~^' 
6—3 1.50** 2.41 2.05 3.40** 3.80 2.39 4.65 
15-1 1.77 2.44 1.90 3.57 3.71 2.18 4.41 
16-7 1.01 1.35 1.36 2.61 3.22 2.02 3.90 
37-1 1.65 2.00 1.78 3.60 3.51 2.30 4.05 
47-2 1.50 2.36 2.09 3.19 3.93 2.24 4.57 
48-5 1.11 2.01 1.73 3.20 3.57 2.22 4.97 
14-5 1.54 2.31 1.86 3.17 3.25 2.06 4.14 
28-2 1.36 1.94 1.85 2.68 3.56 2.27 4.85 
50-1 0.95 1.92 1.57 2.28 3.06 1.99 3.73 
64-2 1.03 2.24 1.87 3.39 3.49 2.39 4.82 
2-1 1.37 1.70 1.76 2.86 3.37 2.02 4.45 
12-6 1.53 2.52 2.03 3.29 3.76 2.30 4.81 
19-6 1.43 2.23 1.90 3.00 3.76 2.32 4.90 
31-2 1.29 2.04 1.88 2.74 3.40 2.22 4.37 
LSDQ.gs 0.41 0.56 0.63 
^^Regression coefficient significantly different from -1 at p<0.10. 
Regression coefficient significantly different from -1 or LS means 
significantly different at p<0.01. 
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Table 17. Regression coefficients for legume dry-matter yield (DMY) 
regressed on reed canarygrass DMY and legume DMY least-
squares (LS) means (corrected for reed canarygrass DMY) of 
14 reed canary grass clones calculated over 'Norcen* and 
'Dawn' birdsfoot trefoil at seven harvests 
Harvest Number and Year 
1 2 3 4 5 6 7 
-1983— —1984 —— --1985-
Regression Coefficients 
-0.18** -0.22** -0.44** -1.01 -1.02 -1.01 -2.10* 
Clone Legume DMY LS Means 
—————— •Mg ha"l ——-- —— — 
6-3 1.26** 3.16** 2.35 2.42* 2.74 2.11 3.68 
15-1 1.23 2.91 2.07 2.96 2.60 2.01 3.86 
16-7 0.56 1.45 1.42 2.34 2.36 1.87 3.08 
37-1 1.03 2.49 2.02 3.19 2.69 2.05 3.67 
47-2 1.18 3.03 2.33 2.68 2.96 2.00 4.00 
48-5 0.72 2.60 2.12 2.65 2.71 2.05 3.82 
14-5 1.19 2.97 1.97 2.70 2.50 1.93 3.53 
28-2 0.95 2.42 2.15 2.17 2.87 1.89 4.32 
50-1 0.66 2.40 1.71 1.87 2.15 1.81 3.14 
64-2 0.80 2.73 2.05 3.03 2.75 2.39 4.74 
2-1 T3.95 1.92 1.92 2.43 2.57 1.91 3.71 
12-6 1.34 3.46 2.56 2.73 3.02 2.24 3.95 
19-6 1.01 2.85 1.99 2.36 2.82 1.78 4.12 
31-2 1.09 2.66 2.20 2.41 2.60 1.94 3.42 
LSDo.05 0.41 0.88 0.69 
Regression coefficient significantly different from -1 at p<0.05 
or L|^means significantly different at p<0.05. 
Regression coefficient significantly different from -1 at p<0.01 
or LS means significantly different at p<0.01. 
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damage sustained by alfalfa plots. 
Legume DMÏ LS means are the predicted values of legume DMY in 
mixtures of each reed canarygrass clone when reed canarygrass DMY of a 
clonal mixture is the mean of all clonal mixtures. The LS means of the 
14 reed canarygrass clones, which relate to deviations from regression, 
were significantly different (p < 0.10) only at Harvests 1, 2, and 4 
(Tables 16, 17). Differences among the LS means at Harvest 3 fell short 
of significance (p = 0.12) over all legume cultivars (Table 16) and over 
birdsfoot trefoil cultivars (p = 0.19) (Table 17). Five reed canary­
grass clones exhibited fairly consistent deviations from regression at 
Harvests 1, 2, and 4 (Fig. 6). Mixtures with reed canarygrass clones 15-
1, 47-2, and 14-5 deviated positively from the overall regression coef­
ficient at Harvests 1, 2, and 4, i.e., exhibited high LS means, producing 
more legume DMY than expected based on their reed canarygrass DMY. Reed 
canarygrass clones 16-7 and 50-1 deviated negatively from the overall 
regression coefficient at Harvests 1, 2, and 4, i.e., exhibited low LS 
means, producing less legume DMY than expected based on their reed 
canarygrass DMY. 
Alfalfa, Norcen, and Dawn data sets over all harvests were examined 
for regression coefficients and reed canarygrass clone deviations. Re­
gression coefficients and their probabilities of difference from -1.0 
were -0.72 (p < 0.10), -0.84 (p = 0.12), and -0.63 (p < 0.01) for 
alfalfa, Norcen, and Dawn data sets, respectively. Thus, reed canary­
grass DMY suppressed Norcen more than Dawn. Deviations of reed 
I ^ \ . 
^ 4 
>-
E 
3 
a 0 
6 7  3 4 5 6  1 2 3  
REED CANARYGRASS DMY (Mg/ha) 
Figure 6. Linear regression of legume dry-matter yield (DMY) on reed canarygrass 
DMY in mixtures of 'Olympic* and 'Baker* alfalfa ant} *Norcen* and *Davm* 
birdsfoot trefoil with 14 reed canarygrass clones at Harvests a) 1, 
b) 2» and c) 4. The diagonal dashed line represents a regression coef­
ficient = 1.0. The vertical dashed line represents mean reed canarygrass 
DMY. Five reed canarygrass clones are identified within the figure 
115 
canarygrass clones from the regression coefficient, i.e., heterogeneity 
among legume DMY LS means, were nonsignificant (p > 0.10) in all three 
data sets. 
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DISCUSSION 
The greater reliability of reed canarygrass clone intercepts com­
pared to harvest number slopes in the linear models precludes the use of 
the latter for the prediction of legume percentage. Not only is clone 
intercept more reliable, it also can be more accurately measured early 
in the life of the stand. The importance of clone intercept and its 
accuracy of estimation in early harvests is in agreement with the high 
Spearman rank correlations between harvests as early as Harvest 2 with 
Harvest 7. The correlation coefficients are sufficiently high to sug­
gest that mild selection pressure for legume compatibility among reed 
canarygrass clones is appropriate early in the life of the stand. In 
practice, straightforward Spearman rank correlation coefficients will 
probably be more useful than the more complicated linear models for 
assessing appropriateness of selection. The homogeneity of the clone x 
harvest interaction across legume species and cultivars suggests that a 
single legume cultivar may be sufficient for testing legume compatibili­
ty. 
The absence of a reed canarygrass genotype x legume genotype inter­
action in the factorial analysis is similar to results of Pederson 
(1985) and to our results in Part I. These results suggest that the 
choice of compatible combinations of grass and legume genotypes should 
be straightforward. 
The greater importance of reed canarygrass tiller density as a 
yield component at Harvests 1, 2, and 5, but tiller weight at Harvest 4, 
is compatible with results with tall fescue grown under a similar cut­
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ting management in Missouri (Zarrough et al., 1983a). Zarrough et al. 
(1983a) demonstrated the existence of a transition point in establish­
ment of tall fescue stands under infrequent cutting. Before the transi­
tion point, tiller density was the most important yield component. Fol­
lowing the transition point, tiller weight was more important. During 
our late harvests, when tiller weight would be expected to supersede 
tiller density as the dominant yield component (Zarrough et al., 1983a), 
our DMYs were much lower than those of Zarrough et al. (1983a) (Tables 
1, 2). Our results suggest that the transition point may not be reached 
if DMY is low. We believe that the transition point was reached in our 
study only at Harvest 4 and possibly at Harvest 3 because only then were 
two requirements met, namely that 1) the transition point had been 
reached, and 2) DMY was sufficiently high for differences in tiller 
weight to be expressed. After Harvest 4, the stands apparently re­
treated from the transition point as reed canarygrass DMYs continued to 
drop in response to legume competition. 
The negative correlation between legume yield components in mix­
ture was stronger at summer and fall harvests than at spring harvests. 
This indicates that competition between yield components is least in the 
spring. Thus, spring is the time when legumes can most readily maximize 
their DMY in mixture with reed canarygrass by increasing both stem 
density and stem weight. The difference in the slope of the correlation 
coefficients over time between birdsfoot trefoil monocultures and mix­
tures is of interest (Fig. 5). These data indicate that the negative 
relationship between the yield components is established sooner in 
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monoculture than in mixture. The positive correlation between yield 
components in early harvests of mixtures indicates that competition im­
posed on legumes at these harvests was primarily from reed canarygrass 
and not from the legume itself. The difference in the yield component 
correlation between monocultures and mixtures at early harvests was 
probably because of differences in stand density. Distance between 
adjacent legume plants was twice as great in mixture as in monoculture. 
The difference in the slope of the correlation over time between mono­
cultures and mixtures probably related to the increasing legume percent­
age of the mixtures over time, which naturally resulted in more and more 
legume-legume competition. 
Like the yield component correlation, differences between early and 
late harvests were observed for the negative relationship between reed 
canarygrass DMY and legume DMY in mixture. At early harvests, the 
regression coefficient of legume DMY on reed canarygrass DMY was signif­
icantly less negative (p < 0.01) than -1.0 (Tables 16, 17). Thus, 
decreases in legume DMY among mixtures of the 14 clones were less than 
associated increases in reed canarygrass DMY. By Harvest 7, the regres­
sion coefficient was significantly more negative (p < 0.05) than -1.0 in 
birdsfoot trefoil mixtures (Table 17). In other words, decreases in 
legume DMY were greater than associated increases in reed canarygrass 
DMY. Thus, suppression (defined as DMY reduction of a given component 
per unit DMY of its competitor) of the dominant component exceeded 
suppression of the dominated component. This generalization held both 
at early harvests, when reed canarygrass dominated, and at late har­
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vests, when legumes dominated. 
Deviations of legume DMY among the 14 reed canary grass clones, 
persisting after the linear relationship between reed canarygrass DMY 
and legume DMY was accounted for, were significant in early (Harvests 1, 
2, and 4) but not in late harvests (Hairvests 5, 6, and 7). Deviations 
fell short of significance (p = 0.12) at Harvest 3, a fall harvest, a 
time when the expression of morphological differences among reed canary-
grass clones is limited. Among harvests, an association was seen be­
tween botanical composition of birdsfoot trefoil mixtures and the pro­
portions of variability in birdsfoot trefoil DMY explained by 1) regres­
sion on reed canarygrass DMY and 2) deviations of individual reed ca­
narygrass clones from regression (Fig. 7). At intermediate botanical 
composition, such as at Harvests 2, 3, and 4, less than 30% of the 
variability in birdsfoot trefoil DMY was explained by regression. When 
one species clearly dominated the other, however, such as at Harvests 1, 
5, 6, and 7, from 48 to 69% of the variability in birdsfoot trefoil DMY 
was explained by regression. This observation, though not conclusive, 
suggests that when one component clearly dominates the other, biomass 
itself may be the most important competitive mechanism. But when both 
components are viable competitors, other factors, presumably morphologi­
cal and physiological, may be of increased importance. 
The greater suppression of Norcen than Dawn by reed canarygrass 
may be related to the birdsfoot trefoil cultivars' contrasting seasonal 
distributions of DMY production. Both in monoculture (Table 1) and in 
mixture (Table 2), Norcen tended to yield higher and lower than Dawn in 
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Deviation of botanical composition of birdsfoot trefoil mixtures from 
504, at seven harvests. Birdsfoot trefoil dry-matter yield (DMY) sum of 
squares (SS) accounted for by reed canarygrass DMY (one degree of 
freedom) divided by legume DMY SS accounted for by 14 reed canarygrass 
clones (13 degrees of freedom) at seven harvests 
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summer and fall harvests, respectively. Apparently, Norcen responds 
more to high temperatures or long daylengths than Dawn. Norcen is also 
more fall dormant than Dawn. Since reed canarygrass DMY in mixture, 
however, was higher during summer than fall harvests (Table 2), reed 
canary gras s DMY could suppress legume DMY more in summer than in fall. 
Reed canarygrass clones 16-7 and 50-1 exhibited an ability to 
suppress legume DMY beyond that expected based on their reed canarygrass 
DMY. Clones 15-1, 37-1, and 47-2 exhibited an ability to allow higher 
production of legume DMY than expected, based on their reed canarygrass 
DMY. The mechanisms by which these two groups of clones exhibited 
exceptional competitive effects in different directions deserve further 
attention. 
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Table A.l. Reed canarygrass (RCG) dry-matter yield of mixtures of RCG 
clones and legume cultivars at Harvest 1 on 8 June 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
Mg ha~^— 
6-3 4.74 5.53 5.14 4.70 7.10 5.90 5.52 
15-1 4.02 3.49 3.75 5.61 3.90 4.75 4.25 
16-7 6.44 6.84 6.64 8.74 7.91 8.33 7.48 
37-1 3.47 4.86 4.17 5.87 5.89 5.88 5.03 
47-2 6.12 6.05 6.08 5.07 6.64 5.85 5.97 
48-5 5.31 4.42 4.86 4.82 4.00 4.41 4.64 
14-5 5.13 5.17 5.15 7.53 5.99 6.76 5.95 
28-2 5.09 4.98 5.04 4.96 5.81 5.39 5.21 
50-1 6.18 7.08 6.63 6.74 7.51 7.12 6.88 
64-2 5.97 4.84 5.41 5.87 6.62 6.25 5.83 
2-1 7.10 7.49 7.30 7.97 7.16 7.57 7.43 
12-6 3.03 4.24 3.63 4.20 3.94 4.07 3.85 
19-6 4.00 2.91 3.45 4.44 4.22 4.33 3.89 
31-2 4.18 4.96 4.57 5.15 6.40 5.77 5.17 
LSDo.05 2.78 3.13 1.86 2.64 3.15 2.17 1.51 
Mean 5.05 5.21 5.13 NS^ 5.83 5.93 5.88 NS^ 5.51 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A. 2. Reed canary grass (RCG) dry-matter yield of mixtures of RCG 
clones and legume cultivars at Harvest 2 on 26 July 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
Ng ha'l— 
6—3 2.81 3.31 3.06 3.67 4.22 3.95 3.50 
15-1 3.33 3.07 3.20 3.57 4.08 3.82 3.51 
16-7 3.59 3.27 3.43 4.08 3.13 3.60 3.52 
37-1 3.07 4.18 3.62 4.44 4.02 4.23 3.93 
47-2 4.66 3.98 4.32 4.98 4.38 4.68 4.50 
48-5 3.49 3.49 3.49 2.99 3.81 3.40 3.45 
14-5 4.04 5.05 4.54 4.66 5.47 5.07 4.80 
28-2 3.81 4.00 3.91 3.79 4.30 4.05 3.98 
50-1 5.85 6.34 6.09 5.45 6.14 5.79 5.94 
64-2 2.34 2.70 2.52 2.42 2.85 2.63 2.58 
2-1 4.02 4.04 4.03 3.71 3.31 3.51 3.77 
12-6 3.90 4.04 3.97 4.02 3.98 4.00 3.98 
19-6 3.61 2.92 3.27 4.04 3.98 4.01 3.64 
31-2 3.49 3.51 3.50 3.21 4.04 3.62 3.56 
^^°0.05 1.02 0.84 0.91 1.38 1.50 1.16 0.75 
Mean 3.71 3.85 3.78 NS® 3.93 4.12 4.03 NS^ 3.90 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.3. Reed canarygrass (RCG) dry-matter yield of mixtures of RCG 
clones and legume cultivars at Harvest 3 on 9 Sept. 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
——— — Mg ha~^— 
6-3 1.25 1.35 1.30 1.51 1.59 1.55 1.43 
15-1 1.39 1.31 1.35 1.76 1.63 1.70 1.52 
16-7 1.51 2.14 1.83 1.84 1.31 1.57 1.70 
37-1 1.25 2.02 1.63 1.78 1.80 1.79 1.71 
47-2 2.18 2.00 2.09 2.00 2.85 2.42 2.25 
48-5 1.37 1.41 1.39 1.45 1.68 1.56 1.47 
14-5 2.14 2.26 2.20 1.91 1.86 1.89 2.04 
28-2 1.88 2.22 2.05 1.55 1.80 1.68 1.86 
50-1 2.06 2.58 2.32 2.24 2.66 2.45 2.39 
64-2 1.19 1.09 1.14 0.99 1.68 1.33 1.24 
2-1 1.37 1.55 1.46 1.88 1.13 1.50 1.48 
12-6 1.13 1.59 1.36 1.35 1.37 1.36 1.36 
19-6 1.39 1.47 1.43 1-45 1.43 1.44 1.44 
31-2 2.06 2.50 2.28 1.61 2.72 2.17 2.23 
^^°0.05 0.66 0.84 0.52 0.96 0.93 0.69 0.44 
Mean 1.58 1.82 1.70 NS^ 1.66 1.82 1.74 NS* 1.72 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.4. Reed canarygrass (RCG) dry-matter yield of mixtures of RCG 
clones and legume cultivars at Harvest 4 on 15 June 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
— 
—— 
Mg ha"l— — 
6—3 1.45 1.43 1.44 1.41 1.25 1.33 1.39 
15-1 1.33 1.05 1.19 1.68 1.09 1.38 1.29 
16-7 1.68 2.00 1.84 1.80 1.51 1.65 1.75 
37-1 1.92 2.10 2.01 1.55 1.35 1.45 1.73 
47-2 2.16 2.08 2.12 1.68 1.68 1.68 1.90 
48-5 1.51 1.51 1.51 0.91 1.23 1.07 1.29 
14-5 1.55 1.45 1.50 1.41 1.47 1.44 1.47 
28-2 1.61 2.58 2.10 1.19 1.15 1.17 1.63 
50-1 2.04 1.72 1.88 1.47 1.45 1.46 1.67 
64-2 1.21 1.19 1.20 1.31 1.13 1.22 1.21 
2-1 1.43 1.84 1.63 1.78 1.63 1.71 1.67 
12-6 1.07 1.25 1.16 1.17 0.97 1.07 1.12 
19-6 1.23 1.33 1.28 1.09 1.27 1.18 1.23 
31-2 1.47 2.22 1.85 1.37 1.55 1.46 1.65 
LSDo.05 0.59 1.07 0.64 0.74 0.60 0.55 0.40 
Mean 1.55 1.70 1.62 NS^ 1.42 1.34 1.38 NS^ 1.50 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A. 5. Reed canary grass (RCG) dry-matter yield of mixtures of RCG 
clones and legume cultivars at Harvest 5 on 27 July 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
————— Mg ha~^— 
6-3 0.50 0.59 0.54 0.63 0.57 0.60 0.57 
15-1 0.65 0.54 0.60 0.73 0.63 0.68 0.64 
16-7 0.71 0.97 0.84 0.95 0.79 0.87 0.85 
37-1 0.71 0.87 0.79 0.89 0.87 0.88 0.83 
47-2 0.71 1.03 0.87 0.91 0.69 0.80 0.83 
48-5 0.58 0.59 0.59 0.46 0.52 0.49 0.54 
14-5 0.67 0.87 0.77 0.65 0.87 0.76 0.76 
28-2 0.75 0.77 0.76 0.57 0.70 0.64 0.70 
50-1 1.05 1.23 1.14 1.05 1.07 1.06 1.10 
64-2 0.40 0.32 0.36 0.54 0.48 0.51 0.44 
2-1 0.48 0.48 0.48 0.50 0.34 0.43 0.45 
12-6 0.36 0.48 0.42 0.61 0.46 0.53 0.48 
19-6 0.61 0.52 0.57 0.69 0.57 0.63 0.60 
31-2 0.71 0.77 0.74 0.73 0.77 0.75 0.74 
^^°0.05 0.3 0.30 0.25 0.35 0.27 0.21 0.18 
Mean 0.63 0.72 0.68 NS^ 0.71 0.67 0.69 NS* 0.68 
"^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.6. Reed canarygrass (RCG) dry-matter yield of mixtures of RCG 
clones and legume cultivars at Harvest 6 on 28 Sept. 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
Mg ha~^— 
6—3 0.16 0.40 0.28 0.36 0.40 0.38 0.33 
15-1 0.16 0.14 0.15 0.34 0.24 0.29 0.22 
16-7 0.26 0.34 0.30 0.50 0.42 0.46 0.38 
37-1 0.67 0.18 0.16 0.44 0.40 0.42 0.29 
47-2 0.22 0.34 0.28 0.42 0.34 0.38 0.33 
48-5 0.20 0.20 0.20 0.24 0.20 0.22 0.21 
14-5 0.30 0.30 0.30 0.57 0.48 0.52 0.41 
28-2 0.32 0.42 0.37 0.46 0.61 0.53 0.45 
50-1 0.32 0.52 0.42 0.73 0.87 0.80 0.61 
64-2 0.16 0.14 0.15 0.24 0.22 0.23 0.19 
2-1 0.10 0.20 0.15 0.14 0.10 0.12 0.14 
12-6 0.04 0.12 0.08 0.20 0.10 0.15 0.12 
19-6 0.16 0.22 0.19 0.36 0.34 0.35 0.27 
31-2 0.20 0.32 0.26 0.44 0.54 0.49 0.38 
^^°0.05 0.14 0.20 0.13 0.20 0.16 0.13 0.09 
Mean 0.20 0.28 0.24 NS^ 0.39 0.38 0.38 NS^ 0.31 
Contrasting cultivar means not significantly different at p<0.10. 
128 
Table A.7. Reed canary grass (RCG) dry-matter yield of mixtures of RCG 
clones and legume cultivars at Harvest 7 on 7 June 1985 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
6-3 0.22 0.20 0.21 0.48 0.69 0.59 0.40 
15-1 0.12 0.10 0.11 0.59 0.24 0.41 0.26 
16-7 0.57 0.69 0.63 0.85 1.09 0.97 0.80 
37-1 0.16 0.34 0.25 0.57 0.67 0.62 0.43 
47-2 0.26 0.65 0.45 0.65 0.61 0.63 0.54 
48-5 0.30 0.30 0.30 0.50 0.50 0.50 0.40 
14-5 0.26 0.38 0.32 0.83 0.48 0.66 0.49 
28-2 0.34 0.57 0.45 0.63 0.81 0.72 0.59 
50-1 0.57 0.83 0.70 1.01 1.11 1.06 0.88 
64-2 0.18 0.14 0.16 0.28 0.36 0.32 0.24 
2-1 0.10 0.24 0.17 0.28 0.44 0.36 0.27 
12-6 0.04 0.10 0.07 0.24 0.16 0.20 0.14 
19-6 0.16 0.22 0.19 0.67 0.44 0.56 0.37 
31-2 0.40 0.65 0.52 0.69 0.83 0.76 0.64 
t'SDo.05 0.30 0.35 0.24 0.40 0.30 0.25 0.17 
Mean 0.26 0.39 0.33+ 0.59 0.60 0.60 NS^ 0.46 
"^Contrasting cultivar means not significantly different at p<0.10. 
"'"Contrasting cultivar means significantly different at p<0.10. 
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Table A.8. Total reed canarygrass (RCG) dry-matter yield of mixtures 
of RCG clones and legume cultivars over all seven harvests 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen 
Mg ha~^— 
Dawn Mean Mean 
6-3 11.1 12.8 12.0 12.8 15.8 14.3 13.1 
15-1 11.0 9.7 10.4 14.3 11.8 13.0 11.7 
16-7 14.8 16.2 15.5 18.7 16.2 17.5 16.5 
37-1 10.7 14.6 12.6 15.5 15.0 15.3 14.0 
47-2 16.3 16.1 16.2 15.7 17.2 16.4 16.3 
48-5 12.8 11.9 12.4 11.4 11.9 11.7 12.0 
14-5 14.1 15.5 14.8 17.6 16.6 17.1 15.9 
28-2 13.8 15.5 14.7 13.2 15.2 14.2 14.4 
50-1 18.1 20.3 19.2 18.7 20.8 19.7 19.5 
64-2 11.5 10.4 10.9 11.7 13.3 12.5 11.7 
2-1 14.6 15.8 15.2 16.3 14.1 15.2 15.2 
12-6 9.6 11.8 10.7 11.8 11.0 11.4 11.0 
19-6 11.2 9.6 10.4 12.7 12.3 12.5 11.4 
31-2 12.5 14.9 13.7 13.2 16.9 15.0 14.4 
LSDo.05 4.1 4.9 3.2 4.8 5.0 3.9 2.5 
Mean 13.0 14.0 13.5 NS^ 14.5 14.9 14.7* 14.1 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A.9. Legume dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 1 on 8 June 
1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
-
6-3 1.84 1.65 1.75 1.72 0.81 1.26 1.50 
15-1 2.22 2.64 2.43 1.57 1.09 1.33 1.88 
16-7 1.19 1.43 1.31 0.34 0.34 0.34 0.83 
37-1 2.56 2.14 2.35 1.27 0.79 1.02 1.69 
47-2 1.07 2.40 1.74 1.27 1.09 1.18 1.46 
48-5 1.74 1.31 1.52 1.11 0.59 0.85 1.19 
14-5 1.78 2.02 1.90 1.01 1.21 1.11 1.50 
28-2 1.82 1.74 1.78 1.09 0.91 1.00 1.39 
50-1 1.37 0.83 1.10 0.81 0.28 0.54 0.82 
64-2 0.93 1.53 1.23 0.87 0.67 0.77 1.00 
2-1 1.45 1.74 1.59 0.69 0.91 0.80 1.20 
12-6 1.72 2.02 1.87 2.14 0.87 1.50 1.69 
19-6 1.76 2.26 2.01 1.47 0.83 1.15 1.58 
31-2 1.74 1.33 1.53 1.39 0.81 1.10 1.32 
LSDo.05 0.88 1.05 0.62 0.63 0.51 0.38 0.40 
Mean 1.65 1.79 1.72 NS^ 1.20 0.80 1.00* 1.36 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A. 10. Legume dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 2 on 26 July 
1983 
Legume Cultivar 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
- - - - - - -
6-3 1.70 2.02 1.86 4.10 2.28 3.19 2.52 
15-1 1.86 2.40 2.13 3.05 2.91 2.98 2.55 
16-7 1.51 1.15 1.33 1.74 1.43 1.58 1.46 
37-1 1.68 1.47 1.57 2.76 2.08 2.42 2.00 
47-2 1.11 2.04 1.57 3.17 2.46 2.82 2.19 
48-5 1.68 1.27 1.47 3.37 2.24 2.81 2.14 
14-5 1.53 1.41 1.47 2.30 2.97 2.63 2.05 
28-2 1.51 1.35 1.43 2.66 2.16 2.41 1.92 
50-1 1.17 0.54 0.86 2.44 1.21 1.83 1.34 
64-2 1.74 2.38 2.06 3.35 3.01 3.18 2.62 
2-1 1.49 1.29 1.39 2.04 2.14 2.09 1.74 
12-6 1.47 1.57 1.52 4.58 2.36 3.47 2.50 
19-6 1.61 1.88 1.75 3.11 2.60 2.86 2.30 
31-2 1.61 1.33 1.47 3.29 2.30 2.80 2.13 
^^°0.05 0.78 0.84 0.46 1.3.1 1.29 1.05 0.61 
Mean 1.55 1.58 1.56 NS^ 3.00 2,30 2.65** 2.11 
^^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.01. 
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Table A.11. Legume dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 3 on 9 Sept. 
1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
Mg ha~^— —— — 
6—3 1.94 1.94 1.94 2.38 2.46 2.42 2.18 
15-1 2.02 1.78 1.90 2.16 2.02 2.09 1.99 
16-7 1.49 1.01 1.25 1.21 1.76 1.48 1.37 
37-1 1.70 1.43 1.56 1.94 2.08 2.01 1.79 
47-2 1.51 1.74 1.62 2.02 2.14 2.08 1.85 
48-5 1.74 1.23 1.48 2.08 2.30 2.19 1.84 
14-5 1.63 1.41 1.52 1.65 2.18 1.92 1.72 
28-2 1.53 1.27 1.40 2.14 2.22 2.18 1.79 
50-1 1.55 0.67 1.11 1.86 1.03 1.44 1.28 
64-2 1.88 2.04 1.96 2.02 2.40 2.21 2.08 
2-1 2.04 1.39 1.72 1.96 2.06 2.01 1.86 
12-6 1.72 1.63 1.68 2.99 2.42 2.70 2.19 
19-6 2.04 1.86 1.95 1.94 2.26 2.10 2.02 
31-2 1.41 1.15 1.28 2.08 2.00 2.03 1.66 
t^Do.05 0.92 0.69 0.54 1.05 1.15 0.80 0.39 
Mean 1.73 1.47 1.60 NS^ 2.03 2.09 2.06 NS^ 1.83 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.12. Legume dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 4 on 15 June 
1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
———Mg ha 
6-3 4.48 4.48 4.48 2.70 2.22 2.46 3.47 
15-1 4.16 4.74 4.45 2.66 3.25 2.96 3.70 
16-7 3.17 2.46 2.82 1.61 2.60 2.11 2.46 
37-1 3.53 4.06 3.79 3.35 2.91 3.13 3.46 
47-2 3.21 3.69 3.45 2.36 2.50 2.43 2.94 
48-5 4.28 3.23 3.75 3.33 2.48 2.91 3.33 
14-5 3.73 3.71 3.72 2.52 2.76 2.64 3.18 
28-2 3.35 2.34 2.85 2.42 2.26 2.34 2.59 
50-1 3.73 1.74 2.55 1.88 1.72 1.80 2.17 
64-2 3.31 4.64 3.98 3.35 2.97 3.16 3.57 
2-1 3.53 3.17 3.35 2.28 2.04 2.16 2.75 
12-6 4.22 3.92 4.07 3.37 2.60 2.99 3.53 
19-6 3.83 3.79 3.81 2.66 2.38 2.52 3.17 
31-2 2.97 2.93 2.95 2.68 2.00 2.34 2.64 
LSDo.05 1.55 1.52 1.08 1.22 1.11 0.88 0.82 
Mean 3.65 3.49 3.57 NS^ 2.66 2.48 2.57 NS^ 3.07 
Contrasting cultivar means not significantly different at p<0.10. 
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Table A.13. Legume dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 5 on 27 July 
1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
Mg ha~^ 
6-3 5.25 4.82 5.04 3.21 2.32 2.76 3.90 
15-1 4.82 4.96 4.89 2.81 2.40 2.60 3.75 
16-7 4.44 3.19 3.81 2.36 2.26 2.31 3.06 
37-1 4.26 3.96 4.11 2.87 2.42 2.64 3.38 
47-2 4.12 5.19 4.65 2.93 2.93 2.93 3.79 
48-5 5.25 4.02 4.63 3.07 2.46 2.76 3.70 
14-5 3.71 4.04 3.87 2.58 2.38 2.48 3.18 
28-2 5.03 3.39 4.21 3.19 2.58 2.89 3.55 
50-1 4.30 2.32 3.31 2.40 1.70 2.05 2.68 
64-2 4.48 4.76 4.62 3.09 2.50 2.80 3.71 
2-1 4.92 4.08 4.50 2.74 2.54 2.64 3.57 
12-6 5.17 4.48 4.82 3.51 2.60 3.06 3.94 
19-6 4.88 4.80 4.84 3.15 2.52 2.84 3.84 
31-2 3.92 4.28 4.10 3.11 2.06 2.58 3.34 
LSDo.05 2.03 1.44 1.18 1.01 0.94 0.78 0.77 
Mean 4.61 4.16 4.39 NS* 2.93 2.41 2.67+ 3.53 
^Contrasting cultivar means not significantly different at p<0.10. 
^Contrasting cultivar means significantly different at p<0.10. 
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Table A.14. Legume dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 6 on 28 Sept. 
1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
— —— — — — 
6-3 2.62 2.64 2.63 2.16 2.06 2.11 2.37 
15-1 2.64 2.24 2.44 1.65 2.46 2.06 2.25 
16-7 2.38 1.82 2.10 1.35 2.30 1.83 1.96 
37-1 2.34 2.87 2.60 1.80 2.26 2.03 2.32 
47-2 2.08 2.81 2.44 1.72 2.28 2.00 2.22 
48-5 2.58 2.34 2.46 2.08 2.18 2.13 2.30 
14-5 1.98 2.22 2.10 1.82 1.90 1.86 1.98 
28-2 2.93 2.06 2.49 1.80 1.84 1.82 2.15 
50-1 2.40 1.37 1.89 1.33 1.88 1.60 1.75 
64-2 2.26 2.74 2.50 2.30 2.62 2.46 2.48 
2-1 2.50 2.06 2.28 1.57 2.50 2.04 2.16 
12-6 2.60 2.50 2.55 2.06 2.64 2.35 2.45 
19-6 2.68 3.13 2.91 1.57 2.02 1.80 2.35 
31-2 2.44 2.44 2.44 1.84 1.94 1.89 2.16 
LSDo.05 1.21 1.06 0.85 0.63 0.82 0.58 0.54 
Mean 2.46 2.37 2.42 NS^ 1.79 2.21 2.00+ 2.21 
^Contrasting cultivar means not significantly different at p<0.10. 
"^Contrasting cultivar means significantly different at p<0.10. 
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Table A. 15. Legume dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legime cultivars at Harvest 7 on 7 June 
1985 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
———————— 
6-3 5.35 6.03 5.69 4.42 2.97 3.69 4.69 
15-1 4.40 5.73 5.07 3.09 4.94 4.02 4.54 
16-7 5.41 3.81 4.61 2.58 2.92 2.75 3.68 
37-1 4.08 4.88 4.48 3.39 3.92 3.65 4.07 
47-2 4.48 5.63 5.06 3.31 4.64 3.98 4.52 
48-5 6.56 5.67 6.12 3.90 3.90 3.90 5.01 
14-5 4.44 5.09 4.76 3.57 3.39 3.48 4.12 
28-2 5.59 5.07 5.33 4.20 4.24 4.22 4.77 
50-1 5.05 3.33 4.19 3.19 2.28 2.73 3.46 
64-2 4.50 5.39 4.94 4.98 4.96 4.97 4.96 
2-1 6.24 4.22 5.23 3.73 4.10 3.92 4.57 
12-6 6.01 5.49 5.75 4.34 4.24 4.29 5.02 
19-6 5.93 5.59 5.76 3.87 4.44 4.16 4.96 
31-2 5.19 5.27 5.23 2.97 3.59 3.28 4.25 
LSDo.05 2.41 1.99 1.32 1.19 1.32 1.03 0.92 
Mean 5.23 5.09 5.16 NS^ 3.68 3.90 3.79 NS^ 4.47 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.16. Total legume dry-matter yield of mixtures of reed canary-
grass (RCG) clones and legume cultivars over all seven 
harvests 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
—— Mg ha~^— — — - — —— 
6-3 23.2 23.6 23.4 20.7 15.1 17.9 20.6 
15-1 22.1 24.5 23.3 17.0 19.1 18.0 20.7 
16-7 19.6 14.9 17.2 11.2 13.6 12.4 14.8 
37-1 20.1 20.8 20.5 17.4 16.4 16.9 18.7 
47-2 17.6 23.5 20.5 16.8 18.0 17.4 19.0 
48-5 23.8 19.1 21.4 18.9 16.1 17.5 19.5 
14-5 18.8 19.9 19.4 15.5 16.8 16.1 17.7 
28-2 21.8 17.2 19.5 17.5 16.2 16.9 18.2 
50-1 19.2 10.8 15.0 13.9 10.1 12.0 13.5 
64-2 19.1 23.5 21.3 20.0 19.1 19.5 20.4 
2-1 22.2 17.9 20.1 15.0 16.3 15.7 17.9 
12-6 22.9 21.6 22.3 23.0 17.7 20.4 21.3 
19-6 22.7 23.3 23.0 17.8 17.1 17.4 20.2 
31-2 19.3 18.7 19.0 17.4 14.7 16.0 17.5 
LSDo.05 8.3 6.2 4.5 4.9 5.0 3.9 3.2 
Mean 20.9 20.0 20.4 NS^ 17.3 16.2 16.7** 18.6 
^^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.01-
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Table A. 17. Total dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 1 on 8 June 
1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
— ——— 
6-3 6.58 7.18 6.88 6.42 7.91 7.16 7.02 
15-1 6.24 6.14 6.19 7.18 4.98 6.08 6.14 
16-7 7.62 8.27 7.95 9.08 8.25 8.67 8.31 
37-1 6.03 7.00 6.52 7.14 6.68 6.91 6.72 
47-2 7.18 8.46 7.82 6.34 7.73 7.03 7.43 
48-5 7.04 5.73 6.39 5.93 4.58 5.26 5.82 
14-5 6.90 7.18 7.04 8.54 7.20 7.87 7.46 
28-2 6.90 6.72 6.81 6.05 6.72 6.39 6.60 
50-1 7.55 7.91 7.73 7.55 7.79 7.67 7.70 
64-2 6.90 6.38 6.64 6.74 7.29 7.01 6.83 
2-1 8.56 9.22 8.89 8.66 8.07 8.37 8.63 
12-6 4.74 6.26 5.50 6.34 4.80 5.57 5.53 
19-6 5.71 5.17 5.46 5.91 5.05 5.48 5.47 
31-2 5.91 6.30 6.11 6.54 7.20 6.87 6.49 
LSDo,o5 2.87 2.84 1.84 2.45 2.92 2.03 1.37 
Mean 6.71 6.99 6.85 NS^ 7.03 6.73 6.88 NS^ 6.87 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A. 18. Total dry-matter yield of mixtures of reed canary gras s 
(RCG) clones and legume cultivars at Harvest 2 on 26 July 
1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
——— ————— Mg ha~^— 
6-3 4.50 5.33 4.91 7.77 6.50 7.13 6.02 
15-1 5.19 5.47 5.33 6.62 6.98 6.80 6.06 
16-7 5.11 4.42 4.76 5.81 4.56 5.19 4.97 
37-1 4.74 5.65 5.20 7.20 6.09 6.65 5.92 
47-2 5.77 6.01 5.89 8.15 6.84 7.50 6.70 
48-5 5.17 4.76 4.96 6.36 6.05 6.21 5.59 
14-5 5.57 6.46 6.01 6.96 8.44 7.70 6.86 
28-2 5.33 5.35 5.34 6.46 6.46 6.46 5.90 
50-1 7.02 6.88 6.95 7.89 7.35 7.62 7.29 
64-2 4.08 5.09 4.58 5.77 5.85 5.81 5.20 
2-1 5.51 5.33 5.42 5-. 75 5.45 5.60 5.51 
12-6 5.37 5.61 5.49 8.60 6.34 7.47 6.48 
19-6 5.23 4.80 5.02 7.14 6.58 6.86 5.94 
31-2 5.11 4.84 4.97 6.50 6.34 6.42 5.70 
LSDo.05 0.96 1.51 0.87 1.50 1.48 1.08 0.68 
Mean 5.26 5.43 5.35 NS^ 6.93 6.42 6.67 NS* 6-01 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A. 19. Total dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 3 on 9 Sept. 
1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
— — —— 
6-3 3.19 3.29 3.24 3.90 4.06 3.98 3.61 
15-1 3.41 3.09 3.25 3.92 3.65 3.78 3.52 
16-7 3.01 3.15 3.08 3.05 3.07 3.06 3.07 
37-1 2.95 3.45 3.20 3.71 3.87 3.79 3.50 
47-2 3.69 3.73 3.71 4.02 4.98 4.50 4.11 
48-5 3.11 2.64 2.88 3.53 3.98 3.75 3.31 
14-5 3.77 3.67 3.72 3.57 4.04 3.80 3.76 
28-2 3.41 3.49 3.45 3.69 4.02 3.85 3.65 
50-1 3.61 3.25 3.43 4.10 3.69 3.90 3.66 
64-2 3.07 3.13 3.10 3.01 4.08 3.54 3.32 
2-1 3.41 2.95 3.18 3.83 3.19 3.51 3.35 
12-6 2.85 3.23 3.04 4.34 3.79 4.07 3.55 
19-6 3.43 3.33 3.38 3.39 3.69 3.54 3.46 
31-2 3.47 3.65 3.56 3.69 4.72 4.21 3.89 
LSDo.05 0.79 0.90 0.53 1.06 1.22 0.85 0.47 
Mean 3.31 3.29 3.30 NS^ 3.70 3.92 3.81 NS^ 3.55 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.20. Total dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 4 on 15 June 
1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
— — — — — —  Mg ha~^— 
6-3 5.93 5.91 5.92 4.12 3.47 3.79 4.86 
15-1 5.49 5.79 5.64 4.34 4.34 4.34 4.99 
16-7 4.84 4.46 4.65 3.41 4.12 3.76 4.21 
37-1 5.45 6.16 5.80 4.90 4.26 4.58 5.19 
47-2 5.37 5.77 5.57 4.04 4.18 4.11 4.84 
48-5 5.79 4.74 5.27 4.24 3.71 3.98 4.62 
14-5 5.29 5.17 5.23 3.94 4.24 4.09 4.66 
28-2 4.96 4.92 4.94 3.61 3.41 3.51 4.23 
50-1 5.41 3.45 4.43 3.35 3.17 3.26 3.84 
64-2 4.52 5.83 5.18 4.66 4.10 4.38 4.78 
2-1 4.96 5.01 4.98 4.06 3.67 3.86 4.42 
12-6 5.29 5.17 5.23 4.54 3.57 4.06 4.64 
19-6 5.07 5.13 5.10 3.75 3.65 3.70 4.40 
31-2 4.44 5.15 4.79 4.06 3.55 3.80 4.30 
LSDo.05 1.45 1.63 1.15 0.87 1.21 0.77 0.82 
Mean 5.20 5.19 5.20 NS^ 4.07 3.82 3.94 NS& 4.57 
"^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.21. Total dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 5 on 27 July 
1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
• ——— ——-
6—3 5.75 5.41 5.58 3.83 2.89 3.36 4.47 
15-1 5.47 5.51 5.49 3.53 3.03 3.28 4.38 
16-7 5.15 4.16 4.65 3.31 3.05 3.18 3.92 
37-1 4.96 4.82 4.89 3.75 3.29 3.52 4.21 
47-2 4.82 6.22 5.52 3.83 3.61 3.72 4.62 
48-5 5.83 4.60 5.22 3.53 2.99 3.26 4.24 
14-5 4.38 4.90 4.64 3.23 3.25 3.24 3.94 
28-2 5.77 4.16 4.96 3.75 3.29 3.52 4.24 
50-1 5.35 3.55 4.45 3.45 2.76 3.11 3.78 
64-2 4.88 5.09 4.98 3.63 2.99 3.31 4.15 
2-1 5.41 4.56 4.98 3.25 2.89 3.07 4.03 
12-6 5.53 4.96 5.25 4.12 3.07 3.59 4.42 
19-6 5.49 5.33 5.41 3.83 3.09 3.46 4.44 
31-2 4.62 5.05 4.83 3.83 2.83 3.33 4.08 
^S^O.05 1.88 1.46 1.12 1.01 1.01 0.80 0.76 
Mean 5.24 4.88 5.06 NS^ 3.64 3.07 3.35* 4.21 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A. 22. Total dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 6 on 28 Sept. 
1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
———- Mg ha~^— —— — 
6-3 2.79 3.05 2.92 2.52 2.46 2.49 2.70 
15-1 2.81 2.38 2.59 2.00 2.70 2.35 2.47 
16-7 2.64 2.16 2.40 1.86 2.72 2.29 2.35 
37-1 2.48 3.05 2.76 2.24 2.66 2.45 2.61 
47-2 2.30 3.15 2.72 2.14 2.62 2.38 2.55 
48-5 2.79 2.54 2.66 2.32 2.38 2.35 2.51 
14-5 2.28 2.52 2.40 2.38 2.38 2.38 2.39 
28-2 3.25 2.48 2.87 2.26 2.44 2.35 2.61 
50-1 2.72 1.90 2.31 2.06 2.74 2.40 2.36 
64-2 2.42 2.89 2.65 2.54 2.85 2.69 2.67 
2-1 2.60 2.26 2.43 1.72 2.60 2.16 2.30 
12-6 2.64 2.62 2.63 2.26 2.74 2.50 2.57 
19-6 2.85 3.35 3.10 1.94 2.36 2.15 2.62 
31-2 2.64 2.76 2.70 2.28 2.48 2.38 2.54 
LSDO.05 1.17 1.05 0.84 0.63 0.84 0.61 0.55 
Mean 2.66 2.65 2.65 NS^ 2.18 2.58 2.38 NS^ 2.52 
"^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.23. Total dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars at Harvest 7 on 7 June 
1985 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
Mg ha~^— 
6-3 5.57 6.24 5.90 4.90 3.65 4.28 5.09 
15-1 4.52 5.83 5.18 3.67 5.19 4.43 4.80 
16-7 5.97 4.50 5.24 3.43 4.02 3.72 4.48 
37-1 4.24 5.23 4.73 3.96 4.58 4.27 4.50 
47-2 4.74 6.28 5.51 3.96 5.25 4.60 5.06 
48-5 6.86 5.97 6.42 4.40 4.40 4.40 5.41 
14-5 4.70 5.47 5.09 4.40 3.87 4.14 4.61 
28-2 5.93 5.63 5.78 4.82 5.05 4.93 5.36 
50-1 5.61 4.16 4.88 4.20 3.39 3.79 4.34 
64-2 4.68 5.53 5.11 5.27 5.33 5.30 5.20 
2-1 6.34 4.46 5.40 4.02 4.54 4.28 4.84 
12-6 6.05 5.59 5.82 4.58 4.40 4.49 5.16 
19-6 6.09 5.81 5.95 4.54 4.88 4.71 5.33 
31-2 5.59 5.91 5.75 3.65 4.42 4.04 4.89 
LSDo.05 2.27 2.15 1.29 1.14 1.32 1.00 0.88 
Mean 5.49 5.47 5.48 NS^ 4.27 4.50 4.38 NS* 4.93 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.24. Total dry-matter yield of mixtures of reed canarygrass 
(RCG) clones and legume cultivars over all seven harvests 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
Mg ha 1- "—— •——— — —— 
6-3 34.3 36.4 35.4 33.5 30.9 32.2 33.8 
15-1 33.1 34.2 33.7 31.3 30.9 31.1 32.4 
16-7 34.3 31.1 32.7 30.0 29.8 29.9 31.3 
37-1 30.9 35.4 33.1 32.9 31.4 32.2 32.6 
47-2 33.9 39.6 36.8 32.5 35.2 33.8 35.3 
48-5 36.6 31.1 33.8 30.3 28.1 29.2 31.5 
14-5 32.9 35.4 34.1 33.0 33.4 33.2 33.7 
28-2 35.6 32.8 34.2 30.7 31.4 31.0 32.6 
50-1 37.3 31.1 34.2 32.6 30.9 31.7 33.0 
64-2 30.6 34.0 32.2 31.6 32.5 32.0 32.1 
2-1 36.8 33.8 35.3 31.3 30.4 30.8 33.1 
12-6 32.5 33.4 33.0 34.8 28.7 31.7 32.4 
19-6 33.9 32.9 33.4 30.5 29.3 29.9 31.7 
31-2 31.8 33.7 32.7 30.6 31.6 31.1 31.9 
LSDg.os 7.1 6.3 4.6 4.6 5.7 4.0 2.9 
Mean 33.9 33.9 33.9 NS^ 31.8 31.0 31.4** 32.7 
^^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.01. 
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Table A. 25. Botanical composition of mixtures of reed canary grass (RCG) 
clones and legume cultivars at Harvest 1 on 8 June 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
6-3 27.9 23.9 25.9 26.2 10.3 18.2 22.1 
15-1 35.6 43.9 39.7 25.3 21.8 23.6 31.6 
16-7 15.6 21.2 18.4 3.9 4.3 4.1 11.3 
37-1 43.0 30.1 36.6 18.1 13.0 15.6 26.1 
47-2 14.9 27.0 21.0 21.0 19.1 20.0 20.5 
48-5 24.1 22.8 23.4 18.3 12.8 15.6 19.5 
14-5 25.4 27.4 26.4 12.3 19.1 15.7 21.1 
28-2 27.0 25.3 26.1 17.8 14.6 16.2 21.2 
50-1 19.1 12.2 15.6 11.5 3.6 7.6 11.6 
64-2 16.0 24.3 20.2 14.0 9.1 11.5 15.8 
2-1 17.8 18.2 18.0 8.0 11.6 9.8 13.9 
12-6 35.7 32.8 34.3 36.0 18.2 27.1 30.7 
19-6 30.5 48.3 39.4 24.6 17.4 21.0 30.2 
31-2 32.1 22.9 27.5 22.5 10.9 16.7 22.1 
LSDo.05 12.4 20.8 11.3 12.6 12.5 8.7 7.7 
Mean 26.0 27.2 26.6 NS^ 18.5 13.3 15.9* 21.3 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A.26. Botanical composition of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 2 on 26 July 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
——————— 
6—3 38.4 37.1 37.8 51.7 34.8 43.2 40.5 
15-1 36.4 44.4 40.4 46.5 41.5 44.0 42.2 
16-7 30.1 27,4 28.8 29.9 31.3 30.6 29.7 
37-1 35.7 26.3 31.0 38.0 34.6 36.3 33.6 
47-2 19.2 32.9 26.0 38.8 35.1 36.9 31.5 
48-5 31.8 26.9 29.4 53.2 37.0 45.1 37.2 
14-5 27.4 23.0 25.2 32.8 36.2 34.5 29.8 
28-2 28.4 25.4 26.9 41.1 32.5 36.8 31.8 
50-1 16.8 8.3 12.5 30.3 17.4 23.9 18.2 
64-2 42.4 46.5 44.4 56.0 49.0 52.5 48.5 
2-1 26.7 24.4 25.5 36.0 40.3 38.2 31.8 
12-6 28.2 27.7 27.9 53.4 37.1 45.3 36.6 
19-6 31.1 40.7 35.9 43.6 39.6 41.6 38.8 
31-2 31.5 27.7 29.6 50.8 36.4 43.6 36.6 
^^^0.05 14.7 15.8 9.7 15.0 16.4 13.1 8.6 
Mean 30.3 29.9 30.1 NS^ 43.0 35.9 39.5* 34.8 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A. 27. Botanical composition of mixtures of reed canary grass (RCG) 
clones and legume cultivars at Harvest 3 on 9 Sept. 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
% legume— 
6—3 59.5 57.6 58.6 58.5 60.0 59.2 58.9 
15-1 59.3 56.8 58.1 55.7 55.8 55.8 56.9 
16-7 49.4 33.0 41.2 39.6 56.4 48.0 44.6 
37-1 57.6 41.4 49.5 49.6 52.8 51.2 50.4 
47-2 41.2 45.2 43.2 49.7 42.7 46.2 44.7 
48-5 53.9 46.0 50.0 60.4 58.5 59.5 54.7 
14-5 43.2 40.9 42.1 46.0 52.2 49.1 45.6 
28-2 45.2 37.2 41.2 59.4 54.9 57.1 49.2 
50-1 43.5 21.2 32.4 44.5 29.1 36.8 34.6 
64-2 60.4 64.7 62.6 64.4 55.2 60.0 61.2 
2-1 58.3 46.5 52.4 50.9 63.8 57.3 54.9 
12-6 60.2 50.8 55.5 69.0 62.3 65.6 60.6 
19-6 59.0 55.4 57.2 54.3 60.2 57.2 57.2 
31-2 41.8 31.5 36.7 56.6 43.3 49.9 43.3 
^^°0.05 19.4 17.2 12.9 22.4 20.3 15.9 9.2 
Mean 52.3 44.9 48.6 NS^ 54.2 53.4 53.8 NS* 51.2 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A. 28. Botanical composition of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 4 on 15 June 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
% legume— 
6-3 74.6 75.3 75.0 64.8 62.9 63.9 69.4 
15-1 75.2 82.1 78.6 60.3 74.5 67.4 73.0 
16-7 65.1 53.6 59.4 47.0 62.8 54.9 57.1 
37-1 65.4 66.0 65.7 66.5 68.0 67.3 66.5 
47-2 59.5 61.9 60.7 58.3 60.6 59.4 60.1 
48-5 73.4 68.1 70.8 78.2 66.5 72.3 71.6 
14-5 68.4 67.8 68.1 63.8 62.9 63.4 65.7 
28-2 67.5 51.0 59.3 67.1 65.9 66.5 62.9 
50-1 62.3 49.6 56.0 55.4 54.8 55.1 55.5 
64-2 72.5 79.0 75.8 70.5 72.5 71.5 73.6 
2-1 71.2 61.2 66.2 56.3 56.7 56.5 61.3 
12-6 79.0 75.3 77.1 74.1 71.4 72.8 74.9 
19-6 75.4 73.9 74.6 68.8 64.5 67.7 70.7 
31-2 66.8 56.5 61.6 66.6 55.8 61.2 61.4 
LSDo.05 12.2 16.2 9.8 20.4 14.9 14.0 8.5 
Mean 69.7 65.8 67.8 NS^ 64.1 64.3 64.2 NS^ 66.0 
"^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.29. Botanical composition of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 5 on 27 July 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
legume— — — — ———— 
6-3 89.5 89.1 89.3 82.9 79.4 81.1 85.2 
15-1 87.7 89.7 88.7 77.6 79.2 78.4 83.5 
16-7 86.4 76.5 81.4 71.0 74.0 72.5 77.0 
37-1 85.6 81.4 83.5 75.8 72.7 74.3 78.9 
47-2 85.4 82.7 84.1 76.4 81.1 78.7 81.4 
48-5 90.0 87.6 88.8 86.3 81.9 84.1 86.5 
14-5 82.3 79.7 81.0 80.5 73.2 76.8 78.9 
28-2 86.9 81.4 84.1 84.9 78.5 81.7 82.9 
50-1 80.5 65.0 72.8 68.4 62.1 65.3 69.0 
64-2 90.7 93.4 92.1 84.8 83.4 84.1 88.1 
2-1 91.0 89.4 90.2 84.3 88.2 86.2 88.2 
12-6 92.8 90.3 91.6 85.3 84.9 85.1 88.3 
19-6 88.8 90.2 89.5 81.3 81.8 81.5 85.5 
31-2 84.3 84.5 84.4 81.3 72.7 77.0 80.7 
LSDg.oS 9.0 7.4 6.4 10.7 8.2 6.8 5.2 
Mean 87.3 84.4 85.8 NS* 80.0 78.1 79.1 NS^ 82.4 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.30. Botanical composition of mixtures of reed canary grass (RCG) 
clones and legume cultivars at Harvest 6 on 28 Sept. 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
—% legume— — —— — 
6-3 93.1 87.9 90.5 85.3 83.0 84.1 87.3 
15-1 94.2 94.0 94.1 83.2 91.1 87.1 90.6 
16-7 90.2 84.2 87.2 72.9 84.3 78.6 82.9 
37-1 94.0 93.7 93.8 79.2 84.3 81.8 87.8 
47-2 90.1 88.6 89.4 79.4 87.0 83.2 86.2 
48-5 92.2 92.2 92.2 89.1 91.1 90.1 91.1 
14-5 86.5 85.1 85.8 76.1 78.9 77.5 81.7 
28-2 90.1 82.9 86.5 78.9 74.4 76.7 81.6 
50-1 88.2 70.2 79.2 64.7 68.4 66.5 72.9 
64-2 92.2 94.9 93.6 90.1 92.0 91.0 92.3 
2-1 95.7 90.8 93.3 91.5 95.6 93.5 93.4 
12-6 98.3 95.2 96.8 91.3 96.1 93.7 95.2 
19-6 94.2 92.3 93.2 80.9 85.6 83.2 88.2 
31-2 91.6 88.3 90.0 80.8 78.1 79.4 84.7 
LSDo.05 7.0 9.3 6.5 9.6 6.8 6.1 4.5 
Mean 92.2 88.6 90.4+ 81.7 85.0 83.3* 86.9 
^Contrasting cultivar means significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A.31. Botanical composition of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 7 on 7 June 1985 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
—% legume— 
6-3 95.6 97.0 96.3 89.9 80.7 85.2 90.8 
15-1 97.2 98.2 97.7 82.0 94.9 88.5 93.1 
16-7 90.7 84.8 87.7 75.1 72.5 73.8 80.8 
37-1 96.1 93.5 94.8 84.8 84.2 84.5 89.6 
47-2 94.1 89.6 91.1 82.9 89.0 86.0 88.9 
48-5 95.4 95.1 95.2 88.5 88.4 88.4 91.8 
14-5 93.5 91.4 92.5 81.8 87.1 84.5 88.5 
28-2 94.2 90.0 92.1 87.2 84.2 85.7 88.9 
50-1 89.4 78.8 84.1 75.7 68.0 71.9 78.0 
64-2 95.4 97.4 96.4 94.5 92.9 93.7 95.1 
2-1 98.1 94.7 96.4 92.7 90.2 91.4 93.9 
12-6 99.2 98.2 98.7 94.9 96.2 95.5 97.1 
19-6 96.8 96.3 96.6 85.3 91.0 88.1 92.3 
31-2 92.4 89.4 90.9 81.8 81.4 81.2 86.1 
LSDo,05 6.7 6.1 4.9 10.2 6.8 6.2 4.2 
Mean 94.9 92.5 93.7+ 85.4 85.8 85.6 NS* 89.6 
"^Contrasting cultivar means not significantly different at p<0.10-
"*"Contrasting cultivar means significantly different at p<0.10. 
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Table A.32. Total botanical composition of mixtures of reed canarygrass 
(RCG) clones and legume cultivars over all seven harvests 
Legnme Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean 
1 1 1 § ' S Dawn Mean Mean >o 
6—3 66.5 64.7 65.6 60.6 48.9 54.7 60.2 
15-1 66.7 71.5 69.1 54.5 61.1 57.8 63.4 
16-7 56.9 48.7 52.8 37.2 45.5 41.4 47.1 
37-1 65.6 58.6 62.1 51.9 52.3 52.1 57.1 
47-2 51.9 58.6 55.3 51.7 51.8 51.8 53.5 
48-5 64.4 61.0 62.7 62.5 57.4 60.0 61.3 
14-5 55.9 54.3 55.1 46.7 50.1 48.4 51.8 
28-2 61.3 52.2 56.8 57.1 51.7 54.4 55.6 
50-1 51.7 34.5 43.1 42.5 32.6 37.6 40.3 
64-2 62.2 69.0 65.6 62.9 58.0 60.4 63.0 
2-1 59.7 52.8 56.3 47.8 53.1 50.5 53.4 
12-6 69.7 64.6 67.1 66.4 61.3 63.9 65.5 
19-6 66.8 71.1 69.0 57.8 58.3 58.1 63.5 
31-2 60.9 55.7 58.3 57.1 46.6 51.8 55.1 
LSDo.05 14.0 13.7 9.1 13.0 12.9 10.4 7.4 
Mean 61.4 58.4 59.9 NS^ 54.1 52.1 53.1** 56.5 
^^Contrasting cultivar means not significantly different at p<0.1Q. 
Contrasting cultivar means significantly different at p<0.01. 
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Table A.33. Legume stem density of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 1 on 8 June 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
—— 
6—3 225 237 231 513 386 449 340 
15-1 304 285 295 469 495 482 388 
16-7 173 177 175 165 207 186 181 
37-1 273 253 263 422 326 374 319 
47-2 181 288 234 531 579 555 395 
48-5 203 157 180 473 271 372 276 
14-5 217 324 270 382 519 451 360 
28-2 233 257 246 346 463 404 325 
50-1 225 143 184 271 179 225 205 
64-2 131 233 182 340 322 331 256 
2-1 201 235 218 302 420 361 290 
12-6 223 255 239 607 459 533 386 
19-6 239 292 265 551 420 486 376 
31-2 239 195 217 463 402 432 325 
LSDo.05 89 124 81 179 253 141 91 
Mean 219 238 229 NS^ 417 389 403 NS® 316 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.34. Legume stem density of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 2 on 26 July 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
stems m~^-
6-3 270 370 320 1235 873 1054 687 
15-1 304 551 427 837 1551 1195 810 
16-7 278 231 254 640 569 604 429 
37-1 328 261 295 841 855 848 571 
47-2 227 310 268 1291 1311 1302 785 
48-5 246 294 270 1094 965 1030 650 
14-5 263 338 301 897 1146 1022 661 
28-2 251 316 284 925 1003 964 624 
50-1 229 207 218 617 680 649 433 
64-2 245 404 325 764 1090 927 626 
2-1 229 300 255 712 965 839 547 
12-6 276 290 283 1156 1040 1098 690 
19-6 265 259 262 823 1046 934 598 
31-2 245 312 279 1158 927 1043 661 
LSDg.os 79 208 100 363 533 333 201 
Mean 261 316 289 NS^ 928 1002 965+ 627 
"^Contrasting cultivar means not significantly different at p<0.10. 
"""Contrasting cultivar means significantly different at p<0.10. 
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Table A.35. Legume stem density of mixtures of reed canary grass (RCG) 
clones and legume cultivars at Harvest 3 on 9 Sept. 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
stems 
6-3 352 436 394 1100 1263 1181 788 
15-1 378 479 428 1470 1410 1440 934 
16-7 336 273 305 716 1003 860 582 
37-1 352 298 325 1018 1245 1131 728 
47-2 292 384 338 1331 1575 1453 895 
48-5 276 326 301 1295 1327 1311 806 
14-5 352 410 381 911 1392 1151 766 
28-2 304 314 309 1052 1235 1143 726 
50-1 288 211 249 1040 810 925 587 
64-2 334 495 414 1156 1355 1256 835 
2-1 360 330 345 857 1205 1031 688 
12-6 332 392 362 1480 1520 1500 931 
19-6 336 402 369 1140 1456 1298 834 
31-2 304 308 306 1273 1337 1305 805 
LSDo.05 127 158 85 427 663 412 213 
Mean 328 361 345 NS^ 1131 1295 1213 NS^ 779 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.36. Legume stem density of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 4 on 15 June 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
stems m~^ 
6—3 312 410 361 633 712 673 517 
15-1 404 499 451 670 961 816 633 
16-7 302 267 285 418 756 587 436 
37-1 328 360 344 776 700 738 541 
47-2 261 326 294 712 835 773 533 
48-5 364 342 353 833 728 780 567 
14-5 320 410 365 670 774 722 543 
28-2 271 251 261 798 730 764 513 
50-1 274 253 263 557 732 645 454 
64-2 362 457 409 792 843 817 613 
2-1 294 304 299 644 583 613 456 
12-6 310 372 341 911 730 821 581 
19-6 350 336 343 627 742 685 514 
31-2 290 322 306 623 631 627 467 
LSDo.05 94 124 81 210 351 217 130 
Mean 317 351 334 NS^ 690 747 719* 526 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A.37. Legume stem density of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 5 on 27 July 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
6-3 446 348 397 774 913 844 620 
15-1 406 420 413 806 1450 1128 771 
16-7 384 280 332 812 995 904 618 
37-1 410 438 424 1028 1032 1030 727 
47-2 314 408 361 1026 1327 1176 769 
48-5 444 384 414 959 963 961 688 
14-5 607 533 570 901 945 923 747 
28-2 378 290 334 961 1197 1079 706 
50-1 374 320 347 712 853 782 565 
64-2 424 537 481 973 1050 1012 746 
2-1 336 372 354 861 1150 1006 680 
12-6 410 459 434 1096 1231 1163 799 
19-6 459 501 480 951 1446 1199 839 
31-2 384 364 374 945 1237 1091 733 
^S^O.05 173 229 143 340 616 415 220 
Mean 413 404 408 NS^ 915 1128 1021* 715 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A.38. Legume stem density of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 6 on 28 Sept. 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
stems 
6-3 581 708 645 1440 1492 1466 1055 
15-1 412 692 552 1265 1933 1599 1075 
16-7 557 388 473 911 1663 1287 880 
37-1 467 676 571 1390 1327 1358 965 
47-2 440 652 546 1231 1661 1446 996 
48-5 463 531 497 2112 1450 1781 1139 
14-5 537 680 608 1181 1382 1281 945 
28-2 678 471 574 1872 1291 1582 1078 
50-1 658 457 557 1082 1327 1205 881 
64-2 501 718 609 1689 1987 1838 1224 
2-1 595 631 613 937 1611 1274 944 
12-6 463 631 547 1520 1925 1722 1135 
19-6 511 782 647 1130 1913 1521 1084 
31-2 551 515 533 1207 1456 1331 932 
LSDg.os 224 176 116 907 713 594 301 
Mean 529 609 570+ 1355 1601 1478* 1024 
^Contrasting cultivar means significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A.39. Legume stem density of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 7 on 7 June 1985 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Daxm Mean Mean 
o 
stems m~ - — 
6-3 366 426 396 1229 965 1097 747 
15-1 • 320 402 361 917 1540 1229 795 
16-7 370 265 318 732 907 819 569 
37-1 314 338 326 1108 1062 1085 705 
47-2 310 388 349 1225 1390 1307 828 
48-5 350 338 344 1183 1166 1174 759 
14-5 288 392 340 1036 1058 1047 693 
28-2 338 342 340 1148 1259 1204 772 
50-1 372 282 327 935 742 839 583 
64-2 253 388 321 1347 1432 1390 855 
2-1 430 259 345 1084 1239 1161 753 
12-6 326 346 336 1140 1329 1235 785 
19-6 374 424 399 1235 1347 1291 845 
31-2 338 424 381 1010 1040 1025 703 
^^°0.05 134 105 81 436 353 292 160 
Mean 339 358 349 NS^ 1095 1177 1136 NS® 742 
''Contrasting cultivar means not significantly different at p<0.10. 
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Table A. 40. Legume stem weight of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 1 on 8 June 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
—g stem"^— 
6—3 0.82 0.68 0.75 0.34 0.21 0.27 0.51 
15-1 0.74 0.90 0.82 0.34 0.22 0.28 0.55 
16-7 0.69 0.75 0.72 0.21 0.16 0.19 0.45 
37-1 0.92 0.88 0.90 0.30 0.24 0.27 0.59 
47-2 0.59 0.79 0.69 0.24 0.18 0.21 0.45 
48-5 0.85 0.85 0.85 0.24 0.22 0.23 0.54 
14-5 0.77 0.60 0.69 0.26 0.23 0.25 0.47 
28-2 0.78 0.67 0.72 0.30 0.20 0.25 0.49 
50-1 0.63 0.58 0.60 0.29 0.15 0.22 0.41 
64-2 0.71 0.66 0.68 0.25 0.19 0.22 0.45 
2-1 0.70 0.70 0.70 0.22 0.22 0.22 0.46 
12-6 0.76 0.79 0.78 0.36 0.19 0.27 0.52 
19-6 0.74 0.77 0.75 0.27 0.20 0.23 0.49 
31-2 0.73 0.69 0.71 0.29 0.19 0.24 0.47 
LSDo.05 0.25 0.18 0.16 0.08 0.06 0.04 0.08 
Mean 0.74 0.74 0.74 NS^ 0.28 0.20 0.24** 0.49 
^^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.01. 
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Table A.41. Legume stem weight of mixtures of reed catiarygrass (RCG) 
clones and legume cultivars at Harvest 2 on 26 July 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen 
1
 Mean Mean 
—  -  — — -
6-3 0.63 0.53 0.58 0.33 0.26 0.29 0.45 
15-1 0.61 0.49 0.55 0.38 0.20 0.29 0.42 
16-7 0.54 0.47 0.51 0.30 0.25 0.27 0.39 
37-1 0.51 0.56 0.54 0.32 0.24 0.28 0.41 
47-2 0.50 0.63 0.57 0.25 0.19 0.22 0.39 
48-5 0.67 0.43 0.55 0.31 0.23 0.27 0.41 
14-5 0.56 0.40 0.48 0.25 0.25 0.25 0.37 
28-2 0.61 0.42 0.51 0.29 0.21 0.25 0.38 
50-1 0.51 0.27 0.39 0.37 0.18 0.27 0.33 
64-2 0.70 0.60 0.65 0.47 0.26 0.37 0.51 
2-1 0.63 0.45 0.54 0.29 0.22 0.25 0.40 
12-6 0.53 0.54 0.54 0.40 0.22 0.31 0.42 
19-6 0.61 0.73 0.67 0.38 0.24 0.31 0.49 
31-2 0.66 0.42 0.54 0.30 0.24 0.27 0.41 
^^^0.05 0.18 0.15 0.11 0.15 0.07 0.08 0.07 
Mean 0.59 0.50 0.54+ 0.33 0.23 0.28* 0.41 
^Contrasting cultivar means significantly different at p<0.i0. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A. 42. Legume stem weight of mixtures of reed canary grass (RCG) 
clones and legume cultivars at Harvest 3 on 9 Sept. 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
—g stem"^— 
6-3 0.52 0.43 0.48 0.20 0.20 0.20 0.34 
15-1 0.53 0.38 0.46 0.14 0.14 0.14 0.30 
16-7 0.44 0.36 0.40 0.17 0.17 0.17 0.29 
37-1 0.50 0.47 0.49 0.18 0.17 0.18 0.33 
47-2 0.52 0.46 0.49 0.15 0.13 0.14 0.31 
48-5 0.61 0.37 0.49 0.16 0.17 0.17 0.33 
14-5 0.46 0.34 0.40 0.18 0.16 0.17 0.29 
28-2 0.50 0.41 0.46 0.20 0.18 0.19 0.32 
50-1 0.54 0.31 0.43 0.17 0.12 0.15 0.29 
64-2 0.56 0.41 0.49 0.18 0.17 0.17 0.33 
2-1 0.57 0.41 0.49 0.23 0.18 0.20 0.35 
12-6 0.51 0.41 0.46 0.20 0.16 0.18 0.32 
19-6 0.60 0.46 0.53 0.17 0.15 0.16 0.34 
31-2 0.46 0.38 0.42 0.16 0.15 0.16 0.29 
LSDo.05 0.15 0.10 0.10 0.05 0.04 0.03 0.05 
Mean 0.52 0.40 0.46* 0.18 0.16 0.17+ 0.32 
^Contrasting cultivar means significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.05. 
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Table A. 43. Legume stem weight of mixtures of reed canary grass (RCG) 
clones and legume cultivars at Harvest 4 on 15 June 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
stem"^— 
6-3 1.45 1.11 1.28 0.42 0.31 0.36 0.82 
15-1 1.02 0.95 0.98 0.41 0.36 0.38 0.68 
16-7 1.04 0.92 0.98 0.38 0.35 0.37 0.67 
37-1 1.09 1.15 1.12 0.42 0.42 0.42 0.77 
47-2 1.23 1.09 1.16 0.33 0.30 0.32 0.74 
48-5 1.16 0.95 1.06 0.41 0.34 0.37 0.72 
14-5 1.13 0.86 1.00 0.38 0.35 0.36 0.68 
28-2 1.25 0.94 1.10 0.31 0.31 0.31 0.70 
50-1 1.24 0.69 0.97 0.33 0.24 0.28 0.62 
64-2 0.91 1.02 0.96 0.41 0.35 0.38 0.67 
2-1 1.19 1.01 1.10 0.35 0.35 0.35 0.73 
12-6 1.38 1.05 1.21 0.37 0.35 0.36 0.79 
19-6 1.13 1.12 1.13 0.41 0.32 0.37 0.75 
31-2 1.03 0.90 0.97 0.43 0.32 0.37 0.67 
LSDo.05 0.41 0.34 0.23 0.14 0.11 0.07 0.13 
Mean 1.16 0.98 1.07 NS^ 0.38 0.33 0.36+ 0.72 
"^Contrasting cultivar means not significantly different at p<0.10. 
"""Contrasting cultivar means significantly different at p<0.10. 
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Table A.44. Legume stem weight of mixtures of reed canarygrass (RCG) 
clones and legume cultivars at Harvest 5 on 27 July 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
g stem"^— 
5-3 1.14 1.80 1.47 0.41 0.25 0.33 0.90 
15-1 1.18 1.43 1.30 0.35 0.17 0.26 0.78 
16-7 1.15 1.33 1.24 0.29 0.24 0.27 0.75 
37-1 1.06 0.90 0.98 0.28 0.24 0.26 0.62 
47-2 1.32 1.35 1.34 0.29 0.23 0.26 0.80 
48-5 1.17 1.07 1.12 0.32 0.27 0.29 0.70 
14-5 0.69 0.74 0.71 0.32 0.28 0.30 0.51 
28-2 1.37 1.16 1.27 0.33 0.23 0.28 0.77 
50-1 1.18 0.76 0.97 0.33 0.21 0.27 0.62 
64-2 1.03 0.89 0.96 0.33 0.27 0.30 0.63 
2-1 1.57 1.11 1.34 0.32 0.24 0.28 0.81 
12-6 1.29 1.00 1.15 0.33 0.21 0.27 0.71 
19-6 1.06 1.00 1.03 0.36 0.19 0.28 0.65 
31-2 1.02 1.22 1.12 0.34 0.18 0.26 0.69 
LSDo.05 0.41 0.73 0.43 0.12 0.11 0.10 0.22 
Mean 1.16 1.13 1.14 NS^ 0.33 0.23 0.28** 0.71 
^^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.01. 
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Table A.45. Legume stem weight of mixtures of reed canary grass (RCG) 
clones and legume cultivars at Harvest 6 on 28 Sept. 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
g stem~^— 
6-3 0.44 0.37 0.41 0.17 0.14 0.15 0.28 
15-1 0.65 0.32 0.48 0.19 0.13 0.16 0.32 
16-7 0.46 0.48 0.47 0.15 0.14 0.15 0.31 
37-1 0.55 0.43 0.49 0.15 0.17 0.16 0.32 
47-2 0.46 0.43 0.45 0.14 0.14 0.14 0.29 
48-5 0.60 0.46 0.53 0.11 0.15 0.13 0.33 
14-5 0.42 0.32 0.37 0.15 0.15 0.15 0.26 
28-2 0.43 0.44 0.43 0.13 0.15 0.14 0.29 
50-1 0.37 0.29 0.33 0.12 0.14 0.13 0.23 
64-2 0.45 0.38 0.42 0.14 0.14 0.14 0.28 
2-1 0.44 0.32 0.38 0.21 0.16 0.18 0.28 
12-6 0.56 0.39 0.48 0.14 0.17 0.15 0.31 
19-6 0.52 0.40 0.46 0.17 0.11 0.14 0.30 
31-2 0.46 0.50 0.48 0.17 0.14 0.15 0.32 
LSDo,o5 0.28 0.19 0.18 0.07 0.05 0.04 0.09 
Mean 0.49 0.40 0.44 NS^ 0.15 0.15 0.15 NS^ 0.30 
"^Contrasting cultivar means not significantly different at p<0.10. 
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Table A. 46. Legume stem weight of mixtures of reed canary grass (RCG) 
clones and legume cultivars at Harvest 7 on 7 June 1985 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
------- —g stem"^— 
6-3 1.48 1.42 1.45 0.36 0.31 0.33 0.89 
15-1 1.37 1.42 1.40 0.34 0.31 0.33 0.86 
16-7 1.46 1.44 1.45 0.35 0.33 0.34 0.89 
37-1 1.33 1.48 1.40 0.32 0.36 0.34 0.87 
47-2 1.45 1.43 1.44 0.27 0.33 0.30 0.87 
48-5 1.94 1.61 1.78 0.33 0.33 0.33 1.06 
14-5 1.59 1.27 1.43 0.35 0.32 0.33 0.88 
28-2 1.65 1.51 1.58 0.37 0.34 0.36 0.97 
50-1 1.35 1.14 1.25 0.34 0.31 0.32 0.78 
64-2 1.75 1.39 1.57 0.37 0.34 0.36 0.96 
2-1 1.43 1.62 1.53 0.34 0.33 0.34 0.93 
12-6 1.84 1.61 1.73 0.38 0.31 0.35 1.04 
19-6 1.55 1.32 1.44 0.32 0.33 0.32 0.88 
31-2 1.53 1.24 1.39 0.30 0.34 0.32 0.85 
LSDo.05 0.48 0.45 0.29 0.07 0.07 0.05 0.15 
Mean 1.55 1.42 1.49+ 0.34 0.33 0.33 NS^ 0.91 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultivar means significantly different at p<0.10. 
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Table A.47. Reed canary grass (RCG) tiller density of mixtures of RCG 
clones and legume cultivars at Harvest 1 on 8 June 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
tillers m~^ 
6-3 350 432 391 340 547 443 417 
15-1 338 265 302 273 342 308 305 
16-7 569 642 605 724 714 719 662 
37-1 292 396 344 503 465 484 414 
47-2 378 298 338 344 416 380 359 
48-5 430 382 406 736 398 417 412 
14-5 513 481 497 549 567 558 527 
28-2 442 531 487 503 547 525 506 
50-1 644 827 735 700 784 742 739 
64-2 386 422 404 537 523 530 467 
2-1 567 569 568 646 579 611 590 
12-6 404 517 461 483 509 496 478 
19-6 414 322 368 465 477 471 419 
31-2 211 330 270 330 416 373 322 
^^^0.05 147 170 122 201 196 146 93 
Mean 424 458 441 NS^ 488 500 504* 473 
^Contrasting cultivar means not significantly different at p<0.10. 
Contrasting cultimar means significantly different at p<0.05. 
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Table A.48. Reed canarygrass (RCG) Ciller density of mixtures of RCG 
clones and legume cultivars at Harvest 2 on 26 July 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
— -
6-3 815 585 550 646 865 755 653 
15-1 485 471 478 740 640 690 584 
16-7 819 790 804 895 752 824 814 
37-1 511 595 553 672 662 667 610 
47-2 756 589 673 867 768 817 745 
48-5 644 666 655 555 760 658 656 
14-5 951 1014 982 1118 1142 1130 1056 
28-2 871 869 870 808 919 864 867 
50-1 1174 1347 1261 1213 1359 1286 1273 
64-2 734 855 794 682 829 755 775 
2-1 806 776 791 760 752 756 774 
12-6 911 899 905 851 925 888 896 
19-6 660 467 563 644 786 715 639 
31-2 549 631 590 577 629 603 597 
LSDo.05 187 210 146 287 273 226 136 
Mean 742 754 748 NS^ 788 842 815 NS^ 781 
•^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.49. Reed canarygrass (RCG) tiller density of mixtures of RCG 
clones and legume cultivars at Harvest 4 on 15 June 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
2 
• — 
6—3 263 284 273 372 348 360 317 
15-1 245 185 215 276 225 250 233 
16-7 396 436 416 436 406 421 419 
37-1 257 304 281 398 384 391 336 
47-2 227 211 219 336 294 315 267 
48-5 318 280 299 261 312 287 293 
14-5 418 392 405 491 485 488 446 
28-2 398 481 439 396 410 403 421 
50-1 432 517 475 414 537 476 475 
64-2 356 276 316 364 390 377 346 
2-1 322 316 319 378 271 325 322 
12-6 324 398 361 459 364 411 386 
19-6 263 280 271 261 322 292 282 
31-2 243 326 285 316 364 340 312 
LSDo.05 101 96 75 177 96 90 59 
Mean 319 335 327 NS^ 368 365 367 NS^ 347 
^^Contrasting cultivar means not significantly different at p<0.10. 
171 
Table A.50. Reed canarygrass (RCG) tiller density of mixtures of RCG 
clones and legume cultivars at Harvest 5 on 27 July 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
—tillers m 2 
6-3 251 213 232 273 386 330 281 
15-1 213 263 238 263 263 263 251 
16-7 340 519 429 479 388 433 431 
37-1 235 243 239 312 611 462 350 
47-2 237 273 255 388 348 368 312 
48-5 302 271 287 217 306 261 274 
14-5 308 531 419 330 589 460 439 
28-2 444 527 486 434 635 535 510 
50-1 525 692 608 539 684 611 610 
64-2 290 239 264 418 324 371 318 
2-1 270 282 276 308 302 342 309 
12-6 215 338 276 404 438 421 349 
19-6 247 300 273 282 219 250 262 
31-2 255 298 276 338 452 395 336 
LSDo.05 143 166 83 168 203 122 73 
Mean 295 356 326 NS* 361 425 393 NS® 359 
"^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.51. Reed canary grass (RCG) tiller weight of mixtures of RCG 
clones and legume cultivars at Harvest 1 on 8 June 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
———— 
6—3 1.36 1.27 1.31 1.38 1.32 1.35 1.33 
15-1 1.20 1.33 1.26 2.08 1.14 1.61 1.44 
16-7 1.13 1.00 1.07 1.20 1.10 1.15 1.11 
37-1 1.16 1.22 1.19 1.16 1.25 1.20 1.20 
47-2 1.61 2.03 1.82 1.46 1.50 1.48 1.65 
48-5 1.23 1.20 1.21 1.10 1.02 1.06 1.14 
14-5 0.99 1.07 1.03 1.71 1.03 1.37 1.20 
28-2 1.12 0.94 1.03 1.00 1.02 1.01 1.02 
50-1 0.95 0.86 0.90 0.95 0.96 0.95 0.93 
64-2 1.56 1.15 1.36 1.12 1.26 1.19 1.27 
2-1 1.24 1.31 1.28 1.23 1.23 1.23 1.26 
12-6 0.74 0.81 0.78 0.86 0.75 0.81 0.79 
19-6 0.96 0.81 0.89 0.95 0.87 0.91 0.90 
31-2 1.96 1.47 1.72 1.55 1.54 1.54 1.63 
LSDo.05 0.51 0.33 0.26 0.81 0.28 0.41 0.25 
Mean 1.23 1.18 1.20 NS^ 1.27 1.14 1.21 NS^ 1.20 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.52. Reed canarygrass (RCG) tiller weight of mixtures of RCG 
clones and legume cultivars at Harvest 2 on 26 July 1983 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
mg tiller" 
6-3 543 570 556 570 515 543 550 
15-1 697 638 667 505 633 569 618 
16-7 435 405 420 457 412 435 427 
37-1 596 696 646 651 601 626 636 
47-2 627 677 652 580 568 574 613 
48-5 548 527 537 535 506 521 529 
14-5 425 498 462 424 472 448 455 
28-2 444 459 452 464 471 467 460 
50-1 502 462 482 441 449 445 464 
64-2 322 322 322 359 339 349 335 
2-1 494 521 507 488 430 459 483 
12-6 424 448 436 481 432 457 446 
19-6 550 662 606 624 500 562 584 
31-2 636 555 596 550 641 596 596 
^^°0.05 103 170 97 128 128 95 77 
Mean 517 531 524 NS^ 509 498 504 NS^ 514 
"^Contrasting cultivar means not significantly different at p<0.10. 
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Table A. 53. Reed canary grass (RCG) tiller weight of mixtures of RCG 
clones and legume cultivars at Harvest 4 on 15 June 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
mg tiller" 1 
6-3 556 510 533 389 359 374 454 
15-1 548 516 532 576 476 526 529 
16-7 438 455 446 409 379 394 420 
37-1 743 676 709 381 347 364 537 
47-2 986 981 984 529 568 548 766 
48-5 465 538 501 359 408 383 442 
14-5 364 371 368 288 302 294 331 
28-2 408 506 457 312 278 295 376 
50-1 487 337 412 564 265 415 413 
64-2 333 436 384 357 286 322 353 
2-1 459 590 525 471 593 532 528 
12-6 344 314 329 257 266 262 295 
19-6 466 497 482 427 394 411 446 
31-2 603 703 653 430 431 430 542 
^^°0.05 212 258 158 323 154 188 122 
Mean 514 531 523 NS& 411 382 397 NS^ 460 
^Contrasting cultivar means not significantly different at p<0.10. 
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Table A.54. Reed canary grass (RCG) tiller weight of mixtures of RCG 
clones and legume cultivars at Harvest 5 on 27 July 1984 
Legume Cultivars 
Alfalfa Birdsfoot Trefoil 
RCG Clone Olympic Baker Mean Norcen Dawn Mean Mean 
tiller" 1 
6-3 208 285 247 248 154 201 224 
15-1 305 300 302 272 250 261 282 
16-7 216 186 201 201 204 202 201 
37-1 286 366 326 289 146 217 272 
47-2 302 397 350 231 197 214 282 
48-5 196 208 202 235 177 206 204 
14-5 211 170 191 258 156 207 199 
28-2 169 150 159 130 112 121 140 
50-1 202 178 190 207 158 183 186 
64-2 147 131 139 129 155 142 140 
2-1 179 183 181 152 118 135 158 
12-6 172 144 158 153 109 131 144 
19-6 246 170 208 251 261 256 232 
31-2 288 260 274 213 170 191 232 
LSDo.05 90 153 90 145 70 71 61 
Mean 223 223 223 NS* 212 169 190+ 207 
^Contrasting cultivar means not significantly different at p<0.10. 
^Contrasting cultivar means significantly different at p<0.10. 
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Table A.55. Dry-matter yield of monocultures of reed canarygrass (RCG) 
clones at seven harvests 
Harvest Number and Year 
1 2 3 4 5 6 7 Total 
RCG Clone ————————1983—————— —————1984—————— —1985— -83-85-
Mg ha-1 ——— 
6—3 7.91 5.11 2.32 1.96 1.01 0.69 0.83 19.82 
15-1 6.90 4.90 1.82 2.76 1.29 0.57 0.81 19.05 
16-7 9.49 4.44 2.00 2.89 1.29 0.67 1.86 22.62 
37-1 8.74 5.69 2.44 3.45 1.65 1.07 1.37 24.42 
47-2 10.76 5.59 2.54 2.93 1.70 0.91 1.53 25.95 
48-5 9.28 4.34 2.36 2.30 1.10 0.48 0.89 20.77 
14-5 10.35 6.18 2.97 3.45 1.57 1.13 1.19 26.84 
28-2 9.26 4,12 2.12 2.46 1.37 0.95 1.01 21.29 
50-1 8.11 7.27 2.85 3.27 1.78 1.41 1.74 26.42 
64-2 9.00 3.41 2.00 2.24 1.15 0.57 0.91 19.27 
2-1 11.42 4.68 2.22 2.87 0.69 0.57 1.05 23.49 
12-6 4.32 5.27 1.59 1.90 1.27 0.46 0.79 15.60 
19-6 5.33 3.37 1.47 1.45 0.77 0.57 0.77 13.72 
31-2 7.95 4.66 2.74 2.06 1.35 0.95 1.09 20.81 
LSDo.05 3.18 1.55 0.99 1.10 0.45 0.31 0.43 5.47 
Mean 8.49 4.93 2.25 2.57 1.29 0.78 1.13 21.43 
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Table A.56. Dry-matter yield of monocultures of alfalfa (ALF) and 
birdsfoot trefoil (BFT) cultivars at seven harvests 
Harvest Number and Year 
Entry 
Group 
2 
-1983-
Total 
-83-85-
—Mg ha' -1 
ALF Cultivars 
Olympic 
Baker 
3.46 5.11 3.65 2.81 7.90 3.60 4.85 31.38 
2.38+ 3.68+ 2.54 4.18 7.51 3.57 4-78 28,65 
Mean 2.92 4.39 3.10 3.49 7.70 3.59 4.82 30.02 
BFT Cultivars 
Norcen 
Dawn 
Mean 
4.48 10.16 
3.54 10.09 
4.01 10.13 
3.72 4.87 5.09 2.19 6.05 36.57 
5.29 4.68 3.70 2.62+ 5.98 35.91 
4.51 4.78 4.39 2.41 6.02 36.24 
** 
Contrasting cultivars significantly different at p<0.10. 
Contrasting cultivars significantly different at p<0.01. 
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Table A.57. Stem density of monocultures of alfalfa (ALF) and 
birdsfoot trefoil (BFT) cultivars at seven harvests 
Harvest Number and Year 
Entry 1 2 3 4 5 6 7 
Group 1983 1984 -1985-
ALF Cultivars 
Olympic 
Baker 
385 
367 
630 
703 
698 
623 
607 
598 
646 
661 
564 
615 
312 
379+ 
Mean 376 667 661 603 653 590 345 
BFT Cultivars 
Norcen 
Dawn 
1698 
1575 
2852** 
3694 3883 
1388 
1197 
1776 
1886 
2260 
2765 
1341 
1446 
Mean 1636 3273 3200 1292 1831 2513 1394 
^^Contrasting cultivars significantly different at p<0.10. 
Contrasting cultivars significantly different at p<0.01. 
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Table A.58. Stem weight of monocultures of alfalfa (ALF) and birdsfoot 
trefoil (BFT) cultivars at seven harvests 
Harvest Number and Year 
Entry 1 2 3 4 5 6 7 
Group 1983 1984 -1985-
ALF Cultivars 
Olympic 0.84 
Baker 0.68 
Mean 0.76 
BFT Cultivars 
Norcen 0.30 
Dawn 0.23 
Mean 0.27 
0.81 0.52 0.53 
0.55 0.40 0.72 
0.68 0.46 0.63 
0.36 0.15 0.36 
0.27 0.14 0.43 
0.32 0.14 0.40 
1.23 0.64 1.54 
1.18 0.60 1.31 
1.20 0.62 1.43 
0.34 0.10 0.46 
0.20 0.10 0.43 
0.27 0.10 0.44 
: Contrasting cultivars significantly different at p<0.01. 
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Table A. 59. Tiller density of monocultures of reed canarygrass (RCG) 
clones at four harvests 
Harvest Number and Year 
1 2 4 5 
RCG Clone 1983 1984 
tillers 
6-3 575 963 495 772 
15-1 555 792 511 591 
16-7 931 1152 744 784 
37-1 710 1018 523 835 
47-2 621 1050 450 744 
48-5 742 1020 513 730 
14-5 923 1617 863 1255 
28-2 853 1068 644 802 
50-1 981 1665 923 1277 
64-2 748 1172 764 724 
2-1 865 925 501 452 
12-6 471 1187 648 798 
19-6 525 782 384 380 
31-2 561 895 471 704 
t'SDo.05 215 288 144 430 
Mean 719 1093 602 775 
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Table A. 60. Tiller weight of monocultures of reed canary grass (RCG) 
clones at four harvests 
Harvest Number and Year 
1 2 4 5 
RCG Clone 1983 1984 
—g tiller 1— 
6-3 1.38 0.53 0.39 0.15 
15-1 1.25 0.62 0.55 0.24 
16-7 1.00 0.38 0.39 0.17 
37-1 1.22 0.55 0.64 0.21 
47-2 1.73 0.54 0.65 0.23 
48-5 1.25 0.42 0.45 0.16 
14-5 1.12 0.38 0.40 0.12 
28-2 1.08 0.39 0.38 0.17 
50-1 0.82 0.44 0.36 0.15 
64-2 1.21 0.29 0.30 0.16 
2-1 1.31 0.50 0.57 0.15 
12-6 0.91 0.45 0.29 0.17 
19-6 1.01 0.43 0.36 0.21 
31-2 1.41 0.52 0.44 0.19 
LSDO.os 0.26 0.10 0.17 0.09 
Mean 1.19 0.46 0.44 0.18 
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PART III. LEGUME COMPATIBILITY OF REED CANARYGRASS CLONES 
RELATED TO AGRONOMIC AND MORPHOLOGICAL TRAITS 
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ABSTRACT 
Data on nine agronomic or morphological traits of 14 reed canary-
grass (Phalaris arundinacea L.) clones grown alone were used to predict 
their compatibility with alfalfa (Medicago sativa L.) and with birdsfoot 
trefoil (Lotus comiculatus L.) in binary mixture- With these traits we 
wished to propose mechanisms of legume compatibility and incompatibility 
in reed canarygrass. We also wished to choose easily-measured traits, 
heritable on a spaced-plant basis, which could be used as components of 
a selection index for legume compatibility. Data on the nine traits 
were summarized by principal component analysis. The nine first princi­
pal components were then reorganized into three factors. Factor 1 had 
large loadings for high dry-matter yield (DMY), high tiller weight, 
early maturity, and height. Factor 2 had large loadings for high DMY, 
high tiller density, high leaf area/ground area, and low rhizomatous 
spreading ability. Factor 3 had large loadings for high specific leaf 
weight, low leaf area/ground area, and erectness of leaves. Factors 1 
and 2 often explained variability for reed canarygrass DMY and botanical 
composition in alfalfa and birdsfoot trefoil mixture, but Factor 3 was 
never significant (p > 0.10). Factor 2 was more important in alfalfa 
than in birdsfoot trefoil mixture, possibly because shading of reed 
canarygrass by alfalfa regrowth heightened the importance of tiller 
initiation soon after cutting. Factor 2 inhibited legume DMY more than 
Factor 1. The 14 reed canarygrass clones exhibited a variety of mecha­
nisms for legume compatibility and incompatibility. Selection on a 
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spaced-plant basis for high DMY, early maturity, increased height, and 
low rhizomatous spreading ability should improve the legume compatibil­
ity of reed canarygrass in legume-dominated stands. 
Additional index words; Alfalfa, Birdsfoot trefoil. Factor analysis. 
Grass-legume mixtures. Morphological traits, Phalaris arundinacea L., 
Yield components. 
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INTRODUCTION 
Perennial grass-legume mixtures are an important component of the 
hectareage harvested for hay and by grazing ruminants in the U.S.A. 
Persistence of both components is desired, but one component is usually 
excluded by the other. Knowledge of the mechanisms of legume compati­
bility operating in perennial forage grass species may allow increased 
genetic gains for this trait, especially if closely associated traits 
amenable to selection can be identified. 
Of nine cool-season grass species grown in birdsfoot trefoil (Lotus 
comiculatus L.) mixture in Minnesota, only reed canarygrass (Phalaris 
arundinacea L.) and smooth bromegrass (Bromus inermis Leyss.) allowed 
birdsfoot trefoil percentage to increase from the 1st to the 3rd year 
(Sheaffer et al., 1984). Increases in birdsfoot trefoil percentage were 
from 23 to 48% and 34 to 45% in reed canarygrass and smooth bromegrass 
mixture, respectively. Over eight harvests on a 3-cut per year manage­
ment, legume percentage rose from 56.7 to 99.5% and from 37.2 to 80.7% 
in reed canarygrass mixture with alfalfa (Medicago sativa L.) and 
birdsfoot trefoil, respectively (Part I). 
Competition in binary grass-legume mixture is often for irradiance. 
Shading of perennial ryegrass (Lolium perenne L.) decreased tillering 
and increased leaf area production per tiller and leaf size, but did not 
change rate of leaf appearance in a study by Rhodes and Stem (1978). A 
grass such as tall fescue (Festuca arundinacea Schreb.) may outcompete 
alfalfa by shading crown buds (Chamblee, 1972). In combination with 
alfalfa, rank for competition for irradiance at first cut was smooth 
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bromegrass > orchardgrass (Dactylis glomerata L.) > reed canarygrass in 
work by Miller et al. (1984). When grown with birdsfoot trefoil, Hasson 
and Nelson (1984) found that tall fescue genotyopes with high leaf-area-
expansion rate and low tiller production were less competitive for 
irradiance than genotypes with low leaf-area-expansion rate and high 
tiller production. Alternate plants of birdsfoot trefoil were 26% 
higher in dry-matter yield (DMY) and had 31% more stems over four har­
vests when grown with a high tiller weight genotype of tall fescue than 
when grown with a low tiller weight genotype. 
The life of a perennial cool-season grass stand consists of two 
phases separated by a transition point (Zarrough et al., 1983a). The 
transition point occurs when equilibrium tiller density is reached. 
Before the transition point, the most important yield component is 
tiller density. After the transition point, tiller weight becomes more 
important. 
The objective of our study was to analyze 14 reed canarygrass 
clones for mechanisms of legume compatibility on the basis of agronomic 
and morphological traits. We employed a holistic multivariate approach 
which allowed us to make inferences about groups of correlated charac­
ters as regards their influence on legume compatibility, rather than the 
more empirical approaches employed by previous authors which were con­
cerned with only one or a few traits at a time. 
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MATERIALS AND METHODS 
Data collected on the 14 reed canarygrass clones were assembled 
from 1) a spaced-plant nursery evaluated as part of this study and 
described below (Tables A. 1-A.4), 2) the monoculture microplots of Part 
II (Tables A.55, A.59, A.60), 3) Baker's (1975) forage yield test (Table 
A.5), and 4) miscellaneous sources (Table A.6). 
Three replicates of the 14 reed canarygrass clones were established 
as spaced plants on 1-m centers in the summer of 1983 on a Harps clay 
loam (fine-loamy, mesic Typic Calciaquolls) soil. This nursery was 
harvested on 15 June 1984, 23 to 25 July 1984, 30 October to 1 November 
1984, and 21 to 23 May 1985- No fertilizer was applied during this 
time. At each harvest, area occupied by the spaced plant, DMY, tiller 
density, and tiller weight were determined. Area occupied by the spaced 
plant was calculated from its circumference measured with a cloth tape. 
This calculated area was used in turn to calculate DMY on a land area 
basis. Leaf orientation value (LOV) (Pepper et al., 1977) and canopy 
height were determined at the latter three harvests. Leaf area/ground 
area (leaf area index of a spaced plant) and specific leaf weight (SLW) 
were determined at the second and fourth harvests. A sample of 10 
tillers per spaced plant was used for LOV, leaf area/ground area, and 
SLW determinations. Only the three youngest fully collared leaves on a 
tiller were used to calculate LOV. Leaf area of a sample was determined 
with a leaf area meter. Leaf weights were determined by weighing from a 
dessicator after drying at 60°C. 
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A total of 57 measurements from all six data sources were segre­
gated into nine categories corresponding to nine traits. Initially, DMY 
and tiller density determinations made in the spaced-plant nursery. 
Baker's (1975) forage yield test, and monoculture microplots of Part II 
were kept in separate subcategories corresponding to these three differ­
ent types of plots. Likewise, tiller weight determinations in the 
spaced-plant nursery and monoculture microplots of Part II were kept in 
separate subcategories. Inspection of correlation coefficients, how­
ever, revealed that determinations between subcategories were generally 
as highly correlated as determinations within subcategories. Thus, the 
subcategories were dropped. 
Six determinations. Harvest 1 DMY in the monoculture microplots of 
Part II (category 1), Harvest 1 tiller weight in the monoculture micro-
plots of Part II (category 3), and four ground cover ratings in Baker's 
(1975) forage yield test (category 9), were dropped because they corre­
lated poorly with other determinations in their respective categories. 
The four ground cover ratings did not even correlate well amongst them­
selves . 
Thus, the final data set included 51 determinations segregated into 
nine categories of traits. In Stage 1, principal component analysis 
(Morrison, 1976) was used to concentrate as much information on the 
trait as possible into a single vector of 14 principal component scores, 
each corresponding to a reed canary grass clone. Principal component 
scores were calculated as the sum of the products of the values of the 
variables within the given category and the standardized regression 
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coefficients of those variables on the principal component of the given 
category. This vector was standardized to have a variance = 1.0 before 
factor analysis in Stage 2. 
In Stage 2, the nine vectors of principal component scores were 
subjected to factor analysis (Morrison, 1976). Three of the nine fac­
tors exhibited more variance following factor analysis than before, 
i.e., had an eigenvalue > 1.0. An orthogonal (VARIMAX) rotation rotated 
the data about these three factors (SAS Institute, 1982). Thus, our 
data was condensed from 51 independent determinations of nine traits to 
three uncorrelated vectors of factor scores. Factor scores were calcu­
lated analogously to the calculation of principal component scores in 
Stage 1. 
In Stage 3, the three vectors of factor scores were used as inde­
pendent variables to explain 1) reed canarygrass DMY and 2) botanical 
composition of alfalfa and birdsfoot trefoil mixtures at Harvests 2 to 7 
reported from Part II (Tables A.2-A.7, A.26-A.31). Harvest 1 data were 
not analyzed since Spearman rank correlations of botanical composition 
showed poor agreement between results at Harvest 1 and later harvests 
(Part II). 
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RESULTS AM) DISCUSSION 
Stage 1 of the analysis was the summarization of data on the nine 
traits using principal component analysis. The first principal compo­
nent, the vector which accounts for more of the variance present within 
the category than any other, explained from 58 to 92% of the variability 
within the nine categories (Table 1). Correlation coefficients were 
calculated among the nine first principal components (Table 2). Dry-
matter yield was positively correlated with tiller density, but not with 
tiller weight. High DMY was also associated with high leaf area/ground 
area, early maturity, height, and low rhizomatous spreading ability. 
High tiller weight was associated with high SLW, early maturity, and 
height. A negative correlation was found between SLW and leaf area/ 
ground area similar to results in tall fescue (Zarrough et al., 1983a). 
Leaf angle was the only trait uncorrelated with any other trait. Of 
special interest was the unexpected negative correlation of rhizomatous 
spreading ability with DMY and tiller density. Apparently, reed canary-
grass may direct photosynthate into rhizomatous spreading, with a resul­
tant low tiller density, or into DMY without rhizomatous spreading, with 
a resultant high tiller density. 
Factor analysis at Stage 2 reorganized the nine first principal 
components into three orthogonal factors (Table 1). Factor 1 has large 
positive loadings for DMY, tiller weight, and height, and a large nega­
tive loading for maturity (earliness). Factor 2 has large positive 
loadings for DMY, tiller density, leaf area/ground area, and a large 
negative loading for rhizomatous spreading ability. Factor 3 has large 
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Table 1. Percentage of variability in nine categories of traits 
measured on 14 reed canarygrass clones explained by the 
first principal component and their factor loadings after 
an orthogonal three-factor rotation 
Variability Explained Factor Loadings 
Category Determi-
& Trait nations 
by First Principal 
Component 
Factor 
1 
Factor 
2 
Factor 
3 
-No. 
1. Dry-Matter 
Yield 
12 61 68 68 0 
2. Tiller Density 10 68 16 90 -29 
3. Tiller Weight 7 60 73 -31 48 
4. Specific Leaf 
Weight 
4 58 17 -29 80 
5. Leaf Area/ 
Ground Area 
3 77 37 60 -62 
6. Leaf Angle® 4 60 0 32 77 
7. Maturity^ 2 82 —86 -19 -10 
8. Height 5 68 92 16 17 
9. Rhizomatous 
Spreading 
Ability 
4 92 0 -89 -16 
Variance Explained 2.79 2.78 2.00 
^low=prostrate, high=erect. 
low=early, high=late. 
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Table 2. Correlation coefficients among the nine first principal 
components 
Category Category 
& Trait 2 3 4 5 6 7 8 9 
1. Dry-Matter 0.76 0.32 -0.02 0.63 0.12 -0.64 0.73 -0.62 
Yield 
2. Tiller -0.36 -0.37 0.75** 0.04 -0.25 0.38 -0.70** 
Density 
3. Tiller 0.55* -0.22 0.17 -0.58* 0.48+ 0.07 
Weight 
4. Specific -0.58* 0.38 -0.02 0.02 0.14 
Leaf Weight 
5. Leaf Area/ -0.21 -0.33 0.56* -0.41 
Ground Area 
6. Leaf -0.23 0.00 -0.25 
Angle 
7. Maturity -0.75 0.17 
8. Height -0.03 
9- Rhizomatous 
Spreading 
Ability 
^Significantly different from 0 at p<0.10. 
^^Significantly different from 0 at p<0.05. 
Significantly different from C _ p<0.01. 
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positive loadings for SLW and leaf angle (erectness) and a large nega­
tive loading for leaf area/ground area. The amount of variance among 
all nine traits explained by Factors 1 and 2 was similar, but the amount 
of variance explained by Factor 3 was approximately 30% lower. Because 
the variables employed in the factor analysis, the nine principal compo­
nents, were standardized to unit variance, the total variance was equal 
to the number of components. Thus, the communality, the proportion of 
variance explained by the three factors, equalled (2.79 + 2.78 + 2.00)/9 
= 84%. 
At Stage 3, these factors were used to explain legume compatibility 
data generated from Part II. Alfalfa and birdsfoot trefoil percentage 
increased from 26.6 and 15.9%, respectively, at Harvest 1, to 93.7 and 
85.6%, respectively, at Harvest 7 (Part II). When reed canarygrass DMY 
and botanical composition of alfalfa and birdsfoot trefoil mixtures at 
Harvests 2 to 7 were regressed on the three factors. Factor 3 was never 
significant (p > 0.10). The canopy parameters we measured bore little 
relationship to legume compatibility of reed canarygrass. Thus, the 
regressions were rerun with only Factors 1 and 2. The two degree-of-
freedom model explained from 29 to 60% and from 39 to 73% of the varia­
tion for reed canarygrass DMY and botanical composition, respectively 
(Table 3). 
The transition point (Zarrough et al., 1983a) was not reached at 
Harvests 1, 2, 5, 6, and 7 (Part II). The lower the tiller density of 
the stand, relative to equilibrium tiller density, the further in the 
future is the transition point. Alfalfa mixtures exhibited lower tiller 
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Table 3. Significance of Factors 1 and 2 for reed canary grass dry-
matter yield and botanical composition in alfalfa and birds-
foot trefoil mixtures at Harvests 2 to 7 
Alfalfa Mixtures Birdsfoot Trefoil Mixtures 
Reed Canarygrass Botanical Reed Canarygrass Botanical 
Harvest Factor Dry-Matter Yield Composition Dry-Matter Yield Composition 
2 1 
2 * * * 
r^ 0.45 0.46 0.35 0.52 
3  1 +  * *  * *  
2 + * * 
r^ 0.46 0.45 0.60 0.73 
4 1 * + 
2 * * 
r^ 0.29 0.46 0.44 0.47 
5 1 * * * * 
2 + ** 
r^ 0.54 0.62 0.46 0.47 
6 1 + * + + 
2 + ** 
r^ 0.45 0.61 0.41 0.39 
7 1 + * * * 
2 + * 
r^ 0.45 0.58 0.42 0.43 
^Significantly different from 0 at p<0.10. 
^^Significantly different from 0 at p<0.05. 
Significantly different from 0 at p<0.01. 
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densities than birdsfoot trefoil mixtures in Part II (Tables A.47-A.50). 
Likewise, Factor 2 (tiller density and correlated traits) was more 
important in alfalfa mixture than in birdsfoot trefoil mixture (Table 
3). These data suggest that reed canarygrass in birdsfoot trefoil mix­
ture more nearly approached the transition point than in alfalfa mix­
ture. Increased shading of reed canarygrass, resulting from the faster 
regrowth of alfalfa relative to birdsfoot trefoil, may have limited 
tillering in alfalfa mixture such that the transition point was delayed. 
Factor 2 played a greater role in reducing legume percentage than 
in increasing reed canarygrass DMY. This implies that tiller density in 
concert with its correlated traits plays a greater role in inhibiting 
legume DMY in mixture than does tiller weight and its correlated traits. 
This result, however, should not be extrapolated to mixtures in which 
the grass component has passed the transition point. Variability for 
the two factors explained greater proportions of variability for botani­
cal composition than for reed canarygrass DMY. No trends in the rela­
tive importance of the two factors over time (harvests) were apparent. 
Our results could not substantiate speculation in Part II that traits 
other than reed canarygrass DMY are more important determinants of 
legume compatibility at intermediate botanical composition than at ex­
treme botanical composition (Table 3). 
We recognize that results of the regression of legume compatibility 
data on our factors need not correspond with regression on tiller densi­
ty and tiller weight themselves. Factor analysis provides a more holis­
tic approach than straightforward path analysis; it considers all the 
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traits the scientist includes in the data set which are correlated with 
the yield components themselves. The user of factor analysis must keep 
in mind, for example, that Factor 1 is more than just tiller weight, and 
that Factor 2 is more than just tiller density. 
Factor scores may be used to suggest mechanisms for legume compati­
bility and incompatibility exhibited by the 14 reed canarygrass clones 
(Table 4). Clones 16-7 and 50-1 had the highest reed canarygrass DMYs 
and lowest legume percentages. Legume compatibility of clone 16-7 in 
Part II can be attributed to its high Factor 2 score, third highest 
among the 14 reed canarygrass clones. Clone 50-1 exhibited the third 
highest and highest score for Factors 1 and 2, respectively. Clones 15— 
1, 64-2, 12-6, and 19-6, with the lowest reed canarygrass DMYs and 
highest legume percentages, were legume incompatible in Part II. Legume 
incompatibility of clones 15-1 and 19-6 can be attributed to their low 
Factor 2 scores, lowest among the 14 clones. Clone 12-6 had by far the 
lowest Factor 1 score. Clone 64—2 had intermediate scores for both 
Factors 1 and 2, but its score for Factor 3 was by far the lowest. 
Perhaps the lax-leafed growth habit of this clone interfered with its 
ability to compete with the legume for irradiance. 
Thus, a variety of mechanisms seem to contribute to legume compati­
bility and incompatibility. Dry-matter yield and yield components, and 
agronomic traits associated with these, such as height, maturity, and 
rhizomatous spreading ability, however, are probably more important than 
leaf characters, such as SLW, leaf area/ground area, and LOV. 
The responsibility of the plant breeder planning to attack the 
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Table 4. Scores of 14 reed canarygrass (RCG) clones for Factor 1 
(tiller weight and associated traits), Factor 2 (tiller 
density and associated traits), and Factor 3 (leaf 
characters), and the RCG dry-matter yield and botanical 
conçosition in their mixtures totalled over all seven 
harvests 
RCG Factor Scores RCG Botanical 
Clone 1 2 3 Dry-Matter Yield Composition 
Mg ha~^ -% legume— 
6—3 0.22 -0.47 -0.13 13.1 60.2 
15-1 0.59 -1.57 0.14 11.7 63.4 
16-7 0.09 1.02 0.09 16.5 47.1 
37-1 0.11 -0.03 -0.09 14.0 57.1 
47-2 1.74 -0.20 1.82 16.3 53.5 
48-5 -0.09 -0.69 0.32 12.0 61.3 
14-5 0.97 1.32 0.17 15.9 51.8 
28-2 -1.22 0.66 0.86 14.4 55.6 
50-1 0.90 1.49 -1.42 19.5 40.3 
64-2 -0.26 0.06 -2.28 11.7 63.0 
2-1 -0.78 0.72 0.65 15.2 53.4 
12-6 -2.24 0.24 0.69 11.0 65.5 
19-6 -0.55 -1.77 -0.82 11.4 63.5 
31-2 0.54 -0.78 -0.01 14.4 55.1 
Mean 0.00 0.00 0.00 14.1 56.5 
2.5 7.4 
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problem of legume incompatibility of reed canarygrass is three-fold. 
First, the breeder must choose a measurable trait, such as botanical 
composition, by which legume compatibility can be assessed. Second, the 
breeder must choose easily measured traits, correlated with the legume 
compatibility trait, upon which selection will be based. Selection for 
high DMY, early maturity, increased height, and low rhizomatous spread­
ing ability is suggested here by Factors 1 and 2. These traits ac­
counted for most of the variabi] ty in the first two factors and exhib­
ited no unfavorable correlations amongst themselves. Tiller density and 
tiller weight are less viable choices because they are much more diffi­
cult to measure. Third, the breeder must conduct the proper experiments 
to estimate the phenotypic and genotypic covariances among these traits 
and the legume compatibility trait. Optimal weights for a Hazel-Lush 
selection index for legume compatibility of reed canarygrass can then be 
estimated. Because the suggested traits are favorably correlated, easi­
ly measured, and with the exception of DMY, likely have reasonably high 
heritability under spaced-plant evaluation, improvement in the legume 
compatibility of reed canarygrass is probably an achievable goal. 
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Table A.1. Data collected from a spaced-plant nursery of 14 reed 
canarygrass (RCG) clones on 15 June 1984 
Dry-Matter Tiller Tiller 
RCG Clone Yield Area Density Weight 
—kg m~^— -mZ- tillers m~^ g tiller"^ 
6-3 4.18 0.095 1812 2.28 
15-1 3.42 0.138 1315 2.63 
16-7 5.50 0.065 2656 2.02 
37-1 4.61 0.087 1959 2.39 
47-2 5.49 0.099 1695 3.23 
48-5 4.14 0.135 1677 2.48 
14-5 5.29 0.094 2448 2.19 
28-2 4.65 0.115 2024 2.32 
50-1 7.24 0.069 3108 2.30 
64-2 3.49 0.109 1700 2.05 
2-1 5.47 0.090 2228 2.45 
12-6 4.03 0.093 2389 1.72 
19-6 2.85 0.168 1799 1.61 
31-2 4.36 0.137 1796 2.41 
^^^0.05 1.81 0.043 839 0.46 
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Table A. 2. Data collected from a spaced-plant nursery of 14 reed 
canarygrass (RCG) clones from 23 to 25 July 1984 
Dry- Leaf Leaf Specifi 
RCG Matter Tiller Tiller Orientation Area Leaf 
Clone Yield Area Density Weight Height Value Index Weight 
tillers g 
kg nT^ -m^— m-2 tiller"^ rad -2 —g m 
6-3 1.23 0.119 1966 0.63 0.550 2.31 13.4 47.4 
15-1 1.17 0.148 1485 0.78 0.667 2.03 12.3 46.3 
16-7 2.21 0.082 3043 0.71 0.567 2.71 21.7 42.1 
37-1 1.64 0.106 2057 0.80 0.627 2.02 17.6 47.1 
47-2 1.67 0.139 1593 1.09 0.683 2.86 14.9 49.4 
48-5 0.88 0.143 1630 0.55 0.600 2.48 10.3 42.2 
14-5 2.21 0.108 3182 0.71 0.707 2.55 22.8 51.5 
28-2 0.88 0.120 1828 0.47 0.517 2.86 10.5 43.2 
50-1 2.15 0.083 3225 0.67 0.697 1.90 34.5 37.8 
64-2 1.29 0.133 3107 0.42 0.543 1.66 32.4 41.0 
2-1 1.35 0.095 2707 0.50 0.580 2.58 20.9 45.6 
12-6 1.08 0.111 2161 0.51 0.513 2.71 11.8 44.6 
19-6 0.91 0.198 1568 0.58 0.627 2.36 11.8 42.4 
31-2 1.32 0.175 1970 0.67 0.700 2.72 18.7 44.2 
^5^0.05 0.56 0.055 653 0.20 0.071 0.28 7.8 6.4 
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Table A.3- Data collected from a spaced-plant nursery of 14 reed 
canarygrass (RCG) clones from 30 October to 1 November 1984 
RCG 
Clone 
Dry-
Matter 
Yield Area 
Tiller 
Density 
Tiller 
Weight Height 
Leaf 
Orientation 
Value 
-2 
•g m -
— —  
tillers m~^ g tiller"! 
6-3 453 0.236 740 0.61 0.267 2.23 
15-1 279 0.293 606 0.45 0.313 2.40 
16-7 434 0.204 1039 0.43 0.323 2.38 
37-1 430 0.160 965 0.50 0.263 2.26 
47-2 651 0.215 1055 0.61 0.353 2.73 
48-5 386 0.243 866 0.44 0.297 2.57 
14-5 910 0.168 1863 0.50 0.390 2.56 
28-2 350 0.209 972 0.39 0.223 2.57 
50-1 707 0.150 1761 0.41 0.367 2.55 
64-2 459 0.242 1363 0.36 0.343 2.29 
2-1 278 0.182 1159 0.24 0.220 2.64 
12-6 224 0.194 851 0.28 0.183 2.41 
19-6 343 0.352 722 0.50 0.310 2.12 
31-2 517 0.277 924 0.56 0.363 2.50 
^^^0.05 203 0.095 415 0.18 0.076 0.26 
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Table A.4. Data collected from a spaced-plant nursery of 14 reed 
canary grass (RCG) clones from 21 to 23 May 1985 
Dry- Leaf Leaf Specific 
RCG Matter Tiller Tiller Orientation Area Leaf 
Clone Yield Area Density Weight Height Value Index Weight 
_? ? tillers g 
g m —m - m tiller —m rad -g m — 
6-3 719 0.314 641 1.12 0.600 1.68 6.35 42.7 
15-1 337 0.410 369 0.87 0.533 1.89 2.61 46.6 
16-7 614 0.255 911 0.67 0.607 1.98 6.34 41.3 
37-1 567 0.234 822 0.70 0.540 1.72 6.91 44.9 
47-2 741 0.263 542 1.37 0.730 2.20 5.17 46.9 
48-5 522 0.350 546 0.85 0.560 2.22 4.37 43.8 
14-5 1087 0.275 1081 0.99 0.767 1.84 8.37 47.0 
28-2 424 0.257 763 0.55 0.443 2.55 4.92 48.2 
50-1 607 0.254 671 0.93 0.617 1.68 5.26 37.2 
64-2 610 0.345 820 0.74 0.650 1.70 7.68 38.1 
2-1 441 0.206 675 0.65 0.477 2.32 4.43 42.8 
12-6 310 0.238 651 0.48 0.327 2.22 4.03 41.7 
19-6 373 0.461 641 0.56 0.410 2.02 3.84 43.8 
31-2 466 0.332 554 0.83 0.593 1.45 5.54 46.6 
LSDo.O5 310 0.106 191 0.37 0.194 0.69 3.22 3.8 
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Table A.5. Data collected from a forage yield test of 14 reed canary-
grass clones (Baker, 1975) 
Dry-Matter Yield 
First After- Specific Leaf 
RCG Cut math Tiller Height Leaf Area Extinction 
Clone Total 71-72 Density 5/71-72 7/71-72 Weight Index Coefficient 
Mg ha"l 1 to 9^ -2 —g m — 
6—3 3.99 10.29 4.9 0.290 0.272 34.0 3.08 0.74 
15-1 3.08 9.88 6.8 0.286 0.344 31.9 2.98 0.68 
16-7 4.41 10.06 2.0 0.334 0.337 34.2 3.69 0.62 
37-1 3.39 11.05 3.5 0.249 0.348 38.1 2.88 0.95 
47-2 3.67 9.75 7.3 0.339 0.349 33.4 3.38 0.41 
48-5 3.96 8.41 6.2 0.327 0.315 36.7 2.36 0.87 
14-5 4.26 12.24 3.8 0.307 0.346 30.4 3.97 0.60 
28-2 3.07 12.40 2.6 0.252 0.331 30,8 3.68 0.62 
50-1 3.99 11.21 4.5 0.305 0.353 26.5 4.75 0.71 
64-2 4.30 9.53 7.4 0.356 0.305 26.8 5.11 0.66 
2-1 3.15 9.25 5.1 0.255 0.277 33.0 3.21 0.56 
12-6 2.07 7.74 8.4 0.213 0.259 36.8 2.13 0.72 
19-6 2.73 10.88 6.1 0.233 0.308 33.8 3.10 0.84 
31-2 3.23 8.95 6.4 0-272 0.292 31.0 3.20 0.59 
^^^0.05 1.03 0.52 1.5 0.021 0.017 4.8 3.46 0.21 
^l=most dense, 9=least dense. 
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Table A.6. Data collected from miscellaneous sources on 14 reed canary-
grass clones 
Specific Heading Bloom 
RCG Tiller Density^ Leaf Date^ Date& 
Clone 9/73 Weight^ 71-72 59-60 
1 to 9^ -2 -g m ^— days after 5/1 date in June 
6-3 3.8 46.2 28.3 5.7 
15-1 5.7 46.5 31.3 5.4 
16-7 2.9 50.8 31.8 4.5 
37-1 4.1 45.9 31.7 8.4 
47-2 6.0 51.6 28.7 3.4 
48-5 5.0 48.9 30.4 6.4 
14-5 3.2 47.8 30.0 4.7 
28-2 3.1 47.6 34.3 7.3 
50-1 3.1 43.4 28.0 4.6 
64-2 4.8 42.0 34.3 5.9 
2-1 4.0 41.4 31.0 5.3 
12-6 6.6 46.6 35.0 9.1 
19-6 4.9 47.6 34.5 6.3 
31-2 5.4 47.4 29.8 6.0 
LSDQ • 3,5 1.4 . 
^Data from I.T. Carlson, Dept. of AgronoiiQr, Iowa State Univ. 
(pers. comm.). 
Data from spaced-plant test (Baker, 1975). 
jData from spaced-plant test (Topark-Ngarm, 1975). 
l=most dense, 9=least dense. 
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GENERAL SUMMARY 
Our results revealed differing responses of reed canary grass 
(Phalaris arundinacea L.) to competition from alfalfa (Medicago sativa 
L.) and birdsfoot trefoil (Lotus comiculatus L.). Reed canarygrass was 
quickly outcompeted by alfalfa in Part I and was unable to establish an 
exclusive niche (Fig. le, p. 3). There was little evidence of Aarssen's 
(1983) ecological combining ability (EGA). The dominance of alfalfa in 
Part II was less extreme. Botanical composition in alfalfa mixture in 
Part II was similar to that in birdsfoot trefoil mixture. It is diffi­
cult to explain the differential response in the two studies because 
they differed in several respects. The alternate-plant spacing arrange­
ment, fall establishment, and stand damage to alfalfa in Part II may all 
have played a role in the difference. Birdsfoot trefoil was clearly 
more compatible with reed canarygrass than alfalfa in Part I. Over 
time, exclusive niches were established and EGA increased, as indicated 
by Increasing relative yield total. This combination was stable and 
represents our idea of a desirable grass-legume mixture (Fig. 3, p. 7). 
No difference was seen between contrasting specific leaf weight 
(SLW) populations of reed canarygrass for legume compatibility (Part I), 
but considerable differences for legume compatibility were evident among 
clones exhibiting a range for morphological and physiological traits 
(Part II) . Specific leaf weight may be a poor trait upon which to base 
legume compatibility (Part III). The role of SLW, leaf area/ground 
area, and leaf angle, however, may be important when present in an 
extreme form, such as in reed canarygrass clone 64-2. Because the plant 
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breeder is interested not in the population mean, but in the detection 
of outliers, the importance of this relationship should not be mini­
mized. 
Olympic mixtures had more alfalfa dry-matter yield (DMY) and less 
reed canarygrass DMY than Baker mixtures in Part I, but differences were 
not significant in Part II. No evidence for differences between Olympic 
and Baker for EGA were present (Part I). Norcen birdsfoot trefoil 
produced more DMY in mixture than Dawn (Part I), but their reed canary-
grass DMYs were similar. Norcen mixtures displayed greater EGA than 
Dawn mixtures (Part I). Dawn was suppressed less by reed canarygrass DMY 
than was Norcen (Part II), probably because the seasonal distribution of 
its DMY was complementary to that of reed canarygrass. 
Several mechanisms contributing to compatibility in binary grass-
legume mixture were revealed. Shading of reed canarygrass by alfalfa 
and birdsfoot trefoil was evident by the legumes' increased height and 
advanced maturity in mixture relative to monoculture at early harvests 
(Part I). Reed canarygrass clones that were the most competitive 
against legumes exhibited particularly high scores for Factor 1 (high 
DMY, high tiller weight, height, early maturity). Factor 2 (high DMY, 
high tiller density, high leaf area/ground area, low rhizomatous spread­
ing ability), or both (Part III). In our study, where tiller density 
was the more important reed canarygrass yield component, tiller density 
and its associated traits suppressed legume DMY more than tiller weight 
and its associated traits (Part III). The transition point for reed 
canarygrass, the point in time before which tiller density is the more 
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important reed canarygrass yield component and after which tiller weight 
becomes more important, was delayed in alfalfa mixtures more than in 
birdsfoot trefoil mixtures. Shading resulting from alfalfa's speedy 
regrowth after cutting may have been responsible. 
Mechanisms of competition changed over the course of the experi­
ment. Legumes were taller and more mature in mixture relative to mono­
culture only at early harvests, when competitive forces were rapidly 
changing botanical composition. Likewise, residual variation for legume 
DMY among clonal mixtures, beyond that explained by the clones' mixture 
reed canary grass DMY, was important only at early harvests. 
At early harvests, when reed canarygrass was dominant, increases in 
reed canarygrass DMY among clonal mixtures were greater than associated 
reductions in legume DMY. At late harvests, when legumes were dominant, 
increases in legume DMY among clonal mixtures were greater than asso­
ciated reductions in reed canarygrass DMY. Thus, suppression (defined 
as DMY reduction of a given component per unit DMY of its competitor) of 
the dominant component exceeded suppression of the dominated component 
both at early harvests, when reed canarygrass dominated, and at late 
harvests, when legumes dominated. 
The absence of an interaction between reed canarygrass and legume 
genotypes for legume compatibility (Parts I, II) should simplify selec­
tion and evaluation for this trait. Spearman correlation coefficients 
indicate that the trait is stable following an initial establishment 
period (Part II). Knowledge of the association of high DMY, increased 
height, early maturity, and reduced rhizomatous spreading ability of 
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reed canarygrass with legime compatibility provide a foundation 
for intelligent genetic manipulation of this trait (Part III). 
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